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BIOTIC RELATIONS OF THE WOOD RAT (NEOTOMA FUSCIPES) 
IN THE BERKELEY HILLS 


By Etpen H. Vesta. 


The dusky-footed wood rat (Neotoma fuscipes annectens) is a cricetine 
rodent well known for its habit of constructing houses, often several feet 
high, from sticks and other debris. The subspecies with which this study is 
concerned is found in the Pacific coastal region of California, from San Fran- 
cisco Bay southward through the Santa Cruz Mountains to Monterey Bay, 
and from there along the hills and mountains east of the Santa Lucia Range 
to San Luis Obispo County. It is superficially of the size and appearance 
of the Norway rat. The species has been figured by English (1923), ana- 
tomically described by Howell (1926), and will be systematically treated by 
Mr. Emmet T. Hooper in a paper now in the University of California Press. 

Principal aims of the study now reported on were: To learn first hand 
about the life history of the wood rat; to determine the distribution of in- 
dividual rats in a selected area by mapping the locations of their houses; 
and to formulate a statement of the biotic relations of this rodent. 

I am indebted to Professors Joseph Grinnell and E. Raymond Hall for 
guidance in the study, and for additional assistance to several other workers 
at the Museum of Vertebrate Zoology, especially Doctors Jean M. Linsdale, 
Seth B. Benson, William B. Davis, and Mr. Emmet T. Hooper. Dr. E. C. 
Van Dyke, Professor of Entomology, kindly identified certain beetles found 
in houses of wood rats. Mr. James 8S. Smith gave assistance with the 
manuscript. Much help was given me by my father, the late Dr. Hall 
Vestal, and by my sister, Thelma A. Vestal. 


LOCAL HABITAT 


Wildcat Canyon, where this study was made, mostly from January 20, 
1936, to February 5, 1937, is situated just north of Berkeley, and is surrounded 
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by the Berkeley Hills and San Pablo Ridge. It comprises an area of about 
6000 acres, or nearly 9.5 square miles. Its hydrographic cone extends in a 
general northwestern direction, with an altitudinal range of approximately 
150 to 1930 feet above sea level. The hills are generally low and rolling, with 
moderate slopes on both sides of the canyon proper and of two main tribu- 
taries, Harvey and Greenhouse canyons. The northeast-facing slopes are 
generally wooded, whereas the opposite slopes are more open, and provide 
tolerable grazing land, for the most part, in winter and spring (see fig. 1). 

Occasional rocky summits are exceptions to the generally good covering 
of sandy soil. Cut banks and washes reveal the deeper yellowish, metamor- 
phic sandstone, which is soft and abundantly seamed. On the wooded 
slopes the soil is superficially dark and loamy, generally covered with a layer 
of leaf mold. In the rainy season this carpet is an important reservoir of 
moisture and influences plant growth. 

The climate in the canyon is generally mild and extremes of heat or cold 
are rare. The average temperature for the winter months, in Berkeley, is 
52.6 degrees. This increases to 59.9 degrees during May, June, and July. 
In Richmond, about 1.7 miles west of Wildcat Canyon, the highest tempera- 
ture that I have recorded is 104. During the past winter, snow fell on the 
higher reaches of San Pablo Ridge, the northeastern border of the canyon. 

The average rainfall at Berkeley is 23.65 inches, most of which comes in 
the period from December to March. Winds of high velocity are infrequent. 
In the summer months cool trade winds blow from the southwest, off the 
Pacific Ocean, and these bring alternate periods of fog and sunshine. In 
autumn and winter months dry and warmer north and northeast winds 
generally prevail during clear weather. 

Life zones.—In the canyon there are indications of two life zones, Upper 
Sonoran and Transition, both of which are inhabited by wood rats. The 
former is the more extensive. Among its characteristic plants here are 
Baccharis pilularis, Rhus diversiloba, Rhamnus californica, Diplacus aurantia- 
cus, Chlorogalum pomeridianum, and Psoralea physodes. The Transition 
Zone, which is more localized along the lower reaches of tributaries and of 
Wildcat Canyon proper, is indicated by such plants as Umbellularia califor- 
nica, Arbutus menziesii, Alnus rubra, Trillium ovatum, Fritillaria lanceolata, 
Rubus parviflorus, Heracleum lanatum, and Trientalis europaea. 


GENERAL CHARACTERS 


Touch.—In very young rats response to tactile stimuli through the vibrissae 
is acute, and appears to increase with age. In the paws and digits it also 
appears to be sharp, for captive animals manipulate slender stems, delicate 
leaves, and fine seed with much dexterity. 


Sight, hearing, and taste—On one occasion I forced an immature male 
from his house just before a red-tailed hawk circled low over the glade. 
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The moment the hawk appeared in view the rat looked in the direction of the 
bird as though it had seen and heard it. 

In the field, rats forced from their houses appeared markedly alert to 
sounds that I made in moving about below them. 

Captive rats are fond of sugar. A sour taste, as in lemon, does not seem 
to disturb them, for they will eat small bits of citrus fruit. Bitter acorns and 
pungent laurel nuts are commonly eaten in the field, but when a young 
male and an adult female tasted rhubarb quinine, each blinked its eyes, 
sneezed, gaped, and rubbed the tongue on the roof of its mouth. Bits of 
cake given immediately after were eagerly taken. The young male, when 
given a small lump of salt, held the mass of crystals between the polleces and 
nibbled it with his incisors. In a few seconds he dropped the lump and at 
intervals for about one-half minute protruded his tongue, seeming to exhibit 
more or less of distaste for the material. 

Sounds.—When late in the afternoon of February 22, 1935, I peered into 
an entrance of an inhabited wood rat house I heard a rapid clatter, as though 
the animal were striking its tail on dead leaves. This noise lasted about 3 sec- 
onds. It was repeated several times, and once or twice was followed imme- 
diately by a peculiar whine, that began relatively low in pitch and ascended 
the scale quickly, then ceased abruptly. On the following day, when I 
approached the house, at 5:45 P.M., I heard the same clatter. This time 
the whine was not heard. 

Additional observations in the field and laboratory revealed that the 
clattering of the wood rat is one of its most characteristic sounds. In fact, 
it has been used as one of the most dependable indications of the occupancy 
of a wood rat house. 

The sound is produced by the rapid vibration of the distal third of the tail 
upon a substrate. In the field, the substrate is usually the dry leaves, twigs, 
and other materials inside or outside on the house. Wood rats have not been 
observed to clatter while they are away from the house; and it is significant 
that most of the clattering, heard at various times during the day, has come 
from what later examination showed to be the nest chamber. As a rule, 
a single clatter response lasts about 3 seconds, but responses of shorter and 
longer duration have been heard. 

The conditions evoking the clatter sound of the wood rat have been some- 
what varied. Often when I closely approached a wood rat house from the 
windward side, and remained quiet for a moment or two without touching the 
structure, the wood rat would respond with a loud clatter. This would be 
repeated at intervals of about 10 seconds. When I touched the house, or 
gave it a sharp rap, the rapid patter of feet, intermingled with another tail 
clatter, could be heard as the animal quickly descended to a chamber at the 
base of the house. I have never heard a clatter sounded from this chamber. 

Frequent attempts to sneak upwind toward a wood rat house, relatively 
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isolated, resulted usually in the animal’s clattering loudly. In many in- 
stances I thought the animal caught sight of my moving body through in- 
terstices in part of the structure. 

Less frequently, I have been in situations particularly favorable to observe 
group clattering among wood rats. At about 11:50 P.M., on January 26, 
1936, when it was exceptionally dark because of cloudiness, I heard wood 
rats clatter in at least three houses about 50 feet down the slope from my 
camp, all within a period of a few seconds. This was continued at intervals 
over a period of ten minutes, probably as a result of their detecting my scent. 

On two other occasions, in the presence of a skunk and of human beings, 
I observed group clattering among wood rats, which I thought was elicited 
as much by the scent of the intruders as by the noise that they made. 

On September 14, 1936, a sunny day, at about 9:50 A.M., I quietly entered 
a live oak glade from the northwest side and sat down in the vicinity of 9 
wood rat houses. The nearest house was 8 feet behind (south of) me. A 
light breeze was drifting through the glade toward the north. At 9:58 a 
loud clatter was heard from a house across the glade, down wind. Each 
time a light gust of wind swept the glade the wood rat responded by clatter- 
ing. Suddenly, from the house of a female, situated nearer and to my left, I 
heard a clatter. This was quickly answered by the first wood rat down the 
glade. The clattering began with a rapid series of light taps, increasing 
at once into a rapid series of louder “‘clats,’”’ and fading into lighter and lighter 
taps. Each clatter lasted about 3 seconds. At 10:03 there began repeated 
clattering back and forth between individuals, continued until I opened the 
structure behind me; then the sounds ceased, and were not heard again before 
leaving the glade at about 10:45 A.M. 

My four captive wood rats have been observed to clatter when disturbed 
by foreign odors, sounds, and objects. A prowling domestic cat repeatedly 
saused them to clatter a warning to one another. 

The captive animals sometimes clattered when I stood motionless a few 
feet away from their cages. After listening and sniffing intently for a minute 
or so, one or another would begin to clatter. This would be taken up shortly 
by the others, which meanwhile had continued their silent attentiveness. 
The animals probably did not hear any sound coming from me; probably 
they saw and smelled me, for rarely did they turn their heads in any other 
direction or cease the constant sniffing. Rarely did more than one wood rat 
clatter at a time. 

From varied observations on the clatter response of wood rats, I infer 
that it is a sound made instinctively by an individual for the benefit of the 
group. As soon as an approaching danger is detected by a wood rat, it gives 
an alarm clatter, which is relayed by other wood rats within “clatter distance”’ 
to still others within hearing. The effect is to put all the animals on the 
alert, in readiness to escape, should the danger come their way. 
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The clattering sound can be faithfully reproduced in the laboratory by 
tapping rapidly with the pad of a finger on a pile of dry paper. 

The peculiar whine seems to accompany the clatter sound only rarely; 
it was heard only on four of the several occasions when I have heard the 
clatter during the past year. In each instance the whine was at first clear 
and low in pitch, then faded abruptly as it ascended about three full tones 
of the scale. Although not particularly loud, the sound carries well. 

An entirely different sound, a chatter, is made under circumstances typified 
by the following described instances. On April 22, 1936, at about 10:30 
A.M., I was occupied in sketching a female and one young in a lilac tree when 
down the slope about 100 feet distant a wood rat gave a loud staccato chatter. 
This I thought at first to resemble the chatter of a pine squirrel. It was 
uttered at intervals of about one-half minute, and each call lasted no more 
than 5 seconds. Curious to locate the source of the sound, I moved cau- 
tiously across the glade and caught sight of an adult wood rat sitting in plain 
sight on a fallen elderberry trunk. As soon as it saw me, it ran into the 
base of a house a few feet from where it had been sitting. Again on April 
26, at 1:45 P.M., I saw and heard this same individual chatter once at the 
identical location on which it was observed four days previously. It chattered 
again at 2.20 P.M. At about 4:45, the twice-repeated chatter of a wood rat 
in a house about 80 yards away from the first was heard. 

The following morning at 9:05 o’clock, a weasel (Mustela frenata nigriauris) 
was seen and heard in the base of this house. At 9:30, I again heard the 
chatter from a wood rat, higher up in the house, but at no other time during 
the morning. 

On May 3, at 10:45 A.M., just as I was about to open the top part of the 
house where the weasel was seen, an adult female wood rat ran out of the 
opened chamber at the apex and up into a live oak about 12 feet west of the 
poison-oak thicket. She chattered in a shrill manner with precisely the 
same emphasis heard on the afternoon of April 26. At 11:45 A.M., another 
wood rat was heard to chatter loudly some distance up the hill. 

The chatter of a wood rat was not heard again until about 5:50 P.M., 
September 30. The sound came from a house about 50 yards distant up the 
laurel glade, from where a friend and I were moving a boxtrap. Meanwhile 
wood rats in other houses nearer the box trap clattered back and forth to 
one another, evidently alarmed over our presence. 

From the circumstances attending the described and other instances in 
which chatter-sounds were made by wood rats, I infer that the call is one of 
alarm, although more general than the clatter sound. 

A short, shrill squeal, as of rage, is occasionally uttered during the last 
part of, or immediately following, the rapid striking with the fore feet during 
combat. The clicking and grating sounds produced by the teeth also are 
thought to be responses made only when the animal is angry. The grating 
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sound is produced by a rapid dorso-ventral motion of the cutting edges of the 
lower incisors upon the cutting edges and dentine of the upper incisors. 
The clicking sound is the louder of the two and appears to be made by grating 
the dentine of the lower incisors with the cutting edges of the upper incisors. 
In producing the latter sound the lower jaw of the wood rat often moves 
quickly forward and backward. An inferred warning significance of the click- 
ing and grating sounds may be incidental to the actual sharpening of the 
incisors, which is accomplished by this action. 

On February 8, 1936, at 10:25 A.M., I stamped at the base of an in- 
habited wood rat house without dislodging the occupant. I shook the house 
vigorously and out dashed a wood rat that uttered very rapidly an “excited,” 
although not loud, chatter: quee-qui-qui-qui-qui-qui-qu-qu. The sound lasted 
only during the first few feet of the animal’s dash to a low limb of a toyon and 
on into low thick branches of a laurel. This was the only rat heard to make 
this sound out of more than 100 that I dislodged from their houses in the 
past year. 

Like certain other rodents, wood rats also have a distress-squeal as of 
mortal terror. This was heard only once, when I shot one in the abdomen. 
It then gave a series of loud and prolonged squeals, which gradually died out 
just before it dropped to the ground. 

Tracks.—Tracks of captive rats consist of impressions of the plantar 
tubercles and the pads at the ends of the digits. Tracks of hind feet are 
easily distinguished from those of the fore feet by the longer print, with 5 
toe marks instead of 4, and marks of 6 rather than 5 plantar tubercles. Marks 
of claws are not plainly visible. 

Eye shine.—It is well known that the eyes of many nocturnal animals 
exhibit a peculiar glow when looking directly at a source of light in the dark. 
This glow is seen in the eyes of wood rats at night. 

Although I have not experimented with eye shine of these rodents in the 
field, I have frequently “shined” the eyes of my captives by inducing them 
to look directly at my flashlight. When the lines of vision of experimenter 
and rodents nearly coincide, a reddish-orange glow appears. As soon as 
either line of vision is much shifted, the glow disappears, but becomes whitish 
when the two lines of vision exactly coincide. 

Postures.—When sitting quietly but on the alert, the hind feet and some- 
times one or both fore feet bear the weight; one or both forepaws may be 
raised against the breast with paw flexed. The tail may be arched over the 
more or less humped body; it may be extended behind at an angle or, as 
often, extended straight to the rear. When sitting quietly on a branch high 
above the ground, the tail frequently hangs at a slight angle. Where the 
footing is precarious, as in the swaying branches of a tree, the rat uses its 


long tail as an aid in maintaining its balance; the eyes are usually dilated, 
and the ears are brought forward in listening attitude. Unless the animal 
is frightened or disturbed, the vibrissae usually do not quiver. 
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The reclining or dozing captive changes its position at frequent intervals 
and is easily disturbed by adventitious sounds. Irritation from fleas on the 
body, causing a variety of ludicrous postures, induces biting with the incisors, 
or scratching with the larger claws of either hind paw. Rats seem to take 
particular care when scratching about the nose, eyes, and ears. 

The captives infrequently rolled. Once when the adult female quickly 
rolled on her back, she shook her head, and lashed her tail as she turned 
quickly from side to side, with all four feet, for an instant, in mid-air. Also, 
the captives frequently shook themselves following self-care activities. 

In standing up, the animals use the tail as a prop ¢ ud occasionally hold the 
flexed fore feet close to the breast. 

Gait.—The walking gait appears to be of the metherpetic type as defined 
by Magne de la Croix (1936). Characteristically the tail is extended behind 
and held about one inch above the ground. In running, the ears are laid 
back somewhat against the head. The tail is held straight out behind, about 
the same as in walking. When in motion along narrow stems of poison-oak 
or laurel, wood rats always kept their tails parallel with the stems. 

Wood rats jump from one limb to another; one female, carrying three 
suckling young, jumped 14 inches horizontally from a poison-oak tangle to 
the trunk of a live-oak. An adult male, forced out of a laurel, jumped about 
three feet horizontally in crossing to another laurel. An immature female 
wood rat that fell in my hand when dislodged from foliage above, after a 
moment of recovery, made a quick jump from my palm to an ascending 
branch three and one-half feet away. Possibly, the spontaneous jump 
is a safety mechanism, used as a last resort in attack from aerial or terrestrial 
enemies. 

Scent.—On approaching from the lee side of houses of some wood rats, I 
have noticed a peculiar musky odor distinct from that which usually comes 
from the pile of excreta within the house. On opening the nest chamber I 
could always detect the musky scent about the nest. Houses from which 
adult male wood rats were taken seemed, as a rule, to give off a stronger scent 
than those from which adult females were taken, especially during the breed- 
ing season. The musky scent is produced by a single anal gland (see Howell, 
1926, p. 97). 

Both inside and outside the house there seem to be various depots of ‘‘ex- 
pression” at which scent can be detected at close range. In addition to 
finding the scent in the nest, I have detected it on ends of sticks projecting 
into the main passage, on sticks and objects at the opening of passages to 
the outside of the house, on plazas, on the apex of some houses, at places 
along ground runways, humps formed by burls on trunks of laurel, at the 
bases of forage trees, and along the bark of limbs and branches above the 
ground. Possibly, then, most of the places regularly frequented by wood 
rats are scented. 


To both sexes the scent probably is an important means of maintaining 
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individuality, not only of the animal, but of the house and forage ground that 
it inhabits. Observation of the facility with which wood rats, forced to 
flee from their houses, can run through dense poison-oak tangle and up steep 
and slender branches of trees has led me to wonder if they are not aided in 
part by scent in following paths. Young wood rats have been observed to 
sniff the ground and branches and twigs, possibly in an attempt to pick up 
scent from their mother. 

Scatology.—The droppings of Neotoma fuscipes are distinctive. They 
appear usually as elongate ellipses, smoothly regular or very slightly irregular 
in outline. Although it is difficult to distinguish droppings of the immature 
animals and adult females, especially in the autumn, one can, on the basis of 
size, usually distinguish those of adult females from those of adult males. 
Measurements, in millimeters, of 78 droppings, selected at random, of an 
adult captive female, averaged 9.1 mm. in length and 3.6 mm. in diameter. 
Corresponding measurements of 18 similar droppings of a wild adult male 
are 11.9 and 4.8. The average differences, 2.9 mm. in length and 1.2 mm. in 
diameter, enable one to distinguish between the two with a fair degree of 
certainty. 

The color of droppings is variable. Where the mammal is feeding on 
leaves of Umbellularia, fresh droppings are colored bright olive green. They 
may be glossy or not, depending upon the amount of water that is absorbed 
by the colon. If the mammal be feeding on leaves of live-oak or of black- 
berry, however, the fresh droppings are dark olive green, dark brown, or 
almost black. The four captives fed mainly on thornless blackberry cuttings 
produced chiefly dark brown or black faeces when fresh. Droppings that are 
olive green when fresh are dark brown or black when dry. 

Droppings are deposited either inside or outside the house. Within, the 
most usual site is in the nest chamber near the nest, or in a nearby enlarge- 
ment of a passage leading to the nest chamber. Some of the piles of excreta 
close to the nest were wet with urine and mixed with fresh green food waste 
One pile had permeated the underlying house materials, including the damp, 
basal mulch. As the pile of excreta accumulates, the wood rat is forced 
either to clean house by throwing the accumulated debris outside onto the 
midden-pile or to move to another section of the house. The former alterna- 
tive is judged to be the one usually employed, because some form of midden- 
pile is found at nearly every house. 

Over a 7-day period a captive adult female voided one pint of faeces, or 1008 
droppings. In the 168 hours she had voided an average of 144 droppings 
each 24 hours or approximately 6an hour. On this basis, at the end of one 
year, she would have voided 3.25 gallons of droppings. Continued occu- 
pancy of the nest chamber makes house-cleaning imperative. The faeces 
are deposited outside the house. This is more than offset in bulk by feeding- 
waste that accumulates in the nest chamber. 
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The captive wood rats clean their living quarters by frequently pushing 
food debris and droppings against the side of the cage, little by little forcing 
the refuse through the wire mesh. 

Outside the house, droppings are deposited in four general places, namely, 
on the house itself, on the ground, on logs, stumps, and rocks, and in trees. 
Where there is a well defined though somewhat flattened house top one may 
find droppings of various ages there. Another locus for excretion is the 
“plaza,” which may consist of merely a small levelled region of the house 
within easy reach of the main entrance. There may be two or three “plazas,” 
in which instance only one ordinarily shows droppings. Here, as on the top 
of the house, the droppings are usually voided at only one place. Droppings 
are always found on the midden-pile. Away from the house, they are found 
along ground runways, especially in depressions and against sticks across the 
runway. If the runway is in constant use the droppings are forced to the 
sides, much as gravel is forced from an established tire track. Droppings are 
found also in numbers at the base of forage trees and in shrubs, and where 
burls adjoin the trunks of laurel trees along a forage route. Frequently the 
fresh and older droppings here are approximately of a size and shape and 
these, when the tree is close to a house, afford a basis for the suggestion that 
an individual has ‘“‘taken possession” of a forage tree. Where there is a rock 
or a hump that the rats can use as an outpost, any level places or crevices 
about the spot are almost certain to reveal numerous droppings of various 
ages. It is possible that these lookout places are also made objects of individ- 
ual possession. Single fresh droppings newly added to many old piles of 20 
or more pellets, along forage paths, further suggest an animal’s assertion of 
ownership 

On coming to feed a juvenile male one evening, he came out, revealing 
several black droppings in the cotton nest. After eating, he used his lips to 
remove the pellets one at a time, and with a quick toss of the head, perhaps 
aided by the tongue, dropped it outside. Then for a moment he shook his 
head as though trying to get rid of the bitter taste but yet returned to the 
nest for another until all had been removed. Adults, however, always 
voided clear of the nest. 

Droppings of the wood rat, when spread with compost from the base of 
houses, aid appreciably in economy of the soil in the cover area. Judging 
from the rate of deposition determined for the captive female, rats, in the 516 
houses located on the 24.8 acres in Greenhouse Canyon, would, in a year’s 
time, void 1677 gallons, or approximately 2690 cubic feet, of faeces. This is 
equivalent to a layer one inch deep over 32,282 square feet (nearly three- 


fourths of an acre). In the aggregate, faecal excrement of wood rats appar- 
ently assumes proportions significant for the habitat. 

Micturition—In voiding urine, captive wood rats take care as a rule 
to deposit the fluid waste away from the nest. At the same time, the 
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animal is particular always to avoid contacting any part of its fur with the 
liquid. Both males and females depress the hind quarters, arch the tail over 
the back, or curl it obliquely to one side, and press the urogenitalia close to 
the substrate. Urine flows often as a succession of small drops, and micturi- 
tion lasts generally for 5 or 6 seconds. 

Temperament.—An adult female was kept in a small cage for 10 months 
and 1 day. For over a month after capture (March 8) she was gentle and 
took to captivity readily. Meanwhile, three young wood rats were placed 
in a row of cages beside hers. The presence of the young rats apparently 
did not affect her at all, for her mild temperament continued until about the 
middle of May. From this time on she became more pugnacious and fre- 
quently attempted to bite my hands at feeding time. 

The young also were gentle from April 15 to about July 15, when they were 
nearly one-half grown. Subsequently, the immature male and one of the 
young females became increasingly pugnacious toward me, but the other 
young female remained more gentle until her death several months later. 
The animals were as intolerant of other persons as of myself. 

After capture none of the wood rats were handled and no one teased or in 
any way tantalized them. 

Judging from scars on specimens seen and taken in the field, it is evident 
that some of the rats are pugnacious. Of 15 adult individuals, taken in 
Wildcat Canyon, 3 females and 2 males have damaged ears. The greater 
number of specimens observed without scarred bodies or damaged ears leads 
to the belief that “temper without teeth” is the rule. The quick striking 
with the forefeet is the mode of repulsion ordinarily resorted to, at least by 
captive animals. 


Anger.—A sequence of responses exhibited at one time may differ or even 
be reversed at another. A caged wood rat closely approached usually sits, 
with dilated eyes, and assumes an alert appearance. The large ears are ex- 


panded and directed forward, the vibrissae are raised and held motionless, o1 
quivered at intervals as though to test the air waves, and the rat sniffs con- 
stantly. If the observer should touch the side of the cage next to the adult 


female wood rat, she responded by dashing toward the finger and attempting 
to bite. If the stimulus was repeated she struck suddenly at the finger in 
quick repeated fashion with both fore feet. The movements were usually 
too rapid for the eye to follow, but they were plainly audible as a loud and 
rapid thumping. The young male usually struck with both feet at once. 
When striking, the weight of the body rests on the hind feet. ‘lhe tail 
may extend straight behind, acting as a stabilizer, or may be clattered on the 
bottom of the cage. The eyes are partially closed, the vibrissae are laid back 
against the cheeks, and the ears are partially drawn back. Second and third 
attacks are often accompanied by a short, shrill squeal. This consists usually 


of two short syllables, a-chut or chee-tut, uttered only once, as a rule, during 
an attack. 
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Between attacks, the young male wood rat often turned about, ran to his 
nest can, back to the side of the cage, and then assumed the “get-set’’ 
attitude before striking 

tecovery by the wood rat from the emotion of anger is usually a matter 
of a few seconds, providing the observer withdraws some distance away 
from the cage. The animal then returns to its nest and soon resumes its 
diurnal resting. 

The “squeaking,” used by the ornithologist to attract birds quickly excites 
the rats and elicits the behavior of anger described 


BIOTIC ASSOCIATES 


Ornate shrew (Sorex ornatus californicus).—On April 13, 1936, two indi- 
viduals were located in the bases of two houses 

Broad-footed mole (Scapanus latimanus latimanus).—In winter, spring 
and early summer, while the topsoil and leaf mold are still damp, mole tunnels 
frequently connect with the bases of wood rat houses. Various kinds of 
small animals found in the bases of wood rat houses probably are food suitable 
to the diet of shrews and moles. 

Brush rabbit (Sylvilaqus bachmani ubericolor) In spring I have occa- 


sionally “‘jumped”’ brush rabbits near the houses of wood rats. Two houses, 
stamped by human beings, were found to have been taken over as a permanent 
shelter by brush rabbits 

California white-footed mouse (Peromyscus californicus parasiticus) 
Six houses of these mice were observed in the vicinity of wood rat houses. 

True white-footed mouse (Peromyscus truet gilbert?).—These and California 
white-footed mice are so often caught by traps set for wood rats as to prove a 
hindrance to the taking of Neotoma. 

California meadow mouse (Microtus californicus californicus).—One day 
while watching an inhabited wood rat house in the over-hanging branches of 
an old willow (Salix lasiolepis), meadow mice were noted moving back and 
forth through the grass beneath the branches of the tree. I thought they 
must have competed with the wood rats, to some extent, for certain food 
plants growing there 

Black-tailed deer (Odocoileus hemionus columbianus).—Rhamnus cali- 
fornica is a food plant commonly utilized by both deer and wood rats in 
Wildcat Canyon; but I have not noted a shortage of the food favored by either. 

Raccoon (Procyon lotor psora).—At 1:10 P.M., March 27, 1936, I disturbed 
a raccoon from a den that it had excavated in the root mass of an old elder- 
berry beneath a large inhabited wood rat house in Greenhouse Canyon. 
Well packed tailings in front of the den, and two much-used paths leading 
from the entrance into dense poison-oak and coyote brush, indicated that the 
raccoon and wood rat had been associates for some time. 

Of the resident seed-eating group the brown towhee (Pipilo fuscus petulans) 
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has been seen occasionally scratching over the leaf mold and detritus close 
to the base of wood rat houses. 

The San Francisco spotted towhee (Pipilo maculatus subsp.) regularly 
works over the mulch from the base of probably every wood rat house in its 
forage beat. In scratching, it characteristically works uphill, and in any 
single operation generally moves some material from behind it in a down-hill 
direction. In this manner it turns over the leaf mold and fine mulch and 
moves such material as is not made into soil down the slope to the bottom 
of the canyon where it can be carried away by water. It also spreads the 
leaf mold and compost from the base of wood rat houses over the cover floor. 
At the same time, the towhee is slowly, but effectively, reducing the basal 
mulch of the wood rat house, formed from the addition of more decomposing 
materials from the structure above. This cycle of construction and reduc- 
tion, mainly between the spotted towhee and the wood rat, is only a part of a 
larger cycle that is evident between the workings of the wood rat in relation 
to the biotic system in the habitat. 

The scratching and billing operations of the towhee leave small pot holes 
in the leaf mold near the base of the wood rat house. Without having seen 
the spotted towhee producing these, one might infer them to have been made 
by the wood rat to whom the house belonged. Other birds seen to work over 
the basal mulch were as follows: Fox sparrow (Passerella iliaca), golden- 
crowned sparrow (Zonotrichia coronata), California thrasher (Toxostoma 
redivivum sonomae), and the Monterey red-shafted flicker (Colaptes cafer 
collaris). Still other birds noted foraging on the wood rat houses were: 
Vigors Bewick wren (Thryomanes bewickii spilurus), intermediate wren-tit 
(Chamaea fasciata fasciata), plain tit-mouse (Baeolophus inornatus inornatus), 
Coast bush-tit (Psaltriparus minimus minimus), Audubon warbler (Dendroica 
auduboni audubont), golden pileolated warbler (Wilsonia pusilla chrysolea), 
lutescent warbler (Vermivora celata lutescens), western ruby-crowned kinglet 
(Corthylio calendula cineraceus), and dwarf hermit thrush (Hylocichla guttata 
nanus). On February 2, 1936, a varied thrush (Jxoreus naevius naevius) and 
western robins (T'urdus migratorius propinquus) fed on toyon berries within 
the forage range of wood rats from 4 houses. Empty pedicels showed that 
birds had fed on the clusters of berries on previous days. Toyon berries were 
found stored in two of the wood rat houses. In this instance competition was 
not keen for some berries remained on the trees. 

Of reptiles, an alligator lizard (Gerrhonotus coeruleus subsp.) was found in 
the base of a house; western fence lizards (Sceloporus occidentalis subsp.) four 
times were seen hunting flies on houses; a western yellow-bellied racer (Coluber 
constrictor subsp.) and three western garter snakes (Thamnophis ordinoides 
subsp.) were observed crawling in and about houses. 


Three amphibians found in the damp basal mulch of houses were: Oregon 
salamander (Ensatina eschscholizii), slender salamander (Batrachoseps attenu- 
atus), and Pacific newt (Triturus torosus). 





























VESTAL—BIOTIC RELATIONS OF WOOD RAT 13 


Arthropods noted in or on the houses included the flies, Musca domestica, 
Calliphora vomitoria, and Lucilia caesar. 

Every nest of wood rats examined has yielded great numbers of relatively 
large, cream-colored mites (Histiostoma sp.) crawling in and about nest 
materials. Occasional nests yielded the small pseudoscorpionid, A pocheiri- 
dium fumeroides. Others, along with larva of various insects, were found in 
the fine chaff beneath nests. Like the mites, these arachnids also seemed 
to be negatively phototropic. 

Larva of dipterous and lepidopterous insects, tenebrionid larva, and both 
adult and larval forms of staphylinid beetles were commonly found in the fine 
chaff beneath nests. 

In the humid, decomposing mulch of houses the coleopterid beetles Cibdelis 
blaschki and Eleodes parvicalles were commonly observed. 

Similar surroundings seemed favorable also to the milliped, Julus hesperus, 
for at least one was found in the base of each house examined. Some acorns 
stored by wood rats were parasitized by the acorn-borer (Balaninus uni- 
formis). A snail (Polygyra sp.) was found in the damp basal mulch of several 
houses. 


HOUSES 


There is scarcely a more obvious advertisement of the presence of wood 
rats in Wildcat Canyon than the houses that they have built. These curious 
structures, some of which are considerably taller than the average man, are 
fine examples of the ingenuity of rodents in adapting the elements of their 
surroundings to their needs. 

Local stock owners, and those who enjoy the recreational values of the 
canyon, commonly use the term ‘‘nest”’ to designate the masses of litter that 
the wood rats have brought together. In this study I have used the term 
“house” to mean the coarser structure of the typical shelter as a whole, 
reserving the term ‘‘nest”’ for the finer material forming the actual bed of the 
occupant. This designation seemed to me to be in accord with what have 
been called houses in life histories of both the beaver and muskrat. 

The following account is based on observation and study of 590 houses, 19 
of which have been examined in considerable detail in an area apart from the 
main sector of field study. 

Uses.—The house of the wood rat serves as a nursery; it provides protection 
for the individual, both day and night, from enemies and from the rigors of 
climate. The house is particularly suitable as a place to store fresh green 
food and the relatively less perishable food items. It provides a suitable 
place for loafing, resting, and self care during the day. It is probably an 
indispensable aid, at times, to social communication. A house of another 
wood rat is even used, on occasion, as a place of refuge by an individual 
pressed for safety. The house, then, is part of the adaptation of a generalized 
rodent, mainly terrestrial, to its life above ground. 
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Shape.—A typical wood rat house is roughly conical. This is perhaps the 
result of the animal’s persistent placing of building materials about a given 
structural and gravitational center. Nevertheless, there are wide variations 
in shape of houses, many of which are correlated with the type of site selected. 
\ house built in the open, within the cover area, is usually, but not always, 
more nearly conical than one built in a very dense poison-oak tangle. 

Size and measurements.—Average and extreme measurements, in centi- 
meters, of houses are as follows: height (301 houses) 118.1 (35-203); basal 
diameter (305 houses), 152.7 (45-230). In the restricted area of about 24.8 
acres where these 572 houses occurred, the total material, if combined into 
one structure, would comprise a mass of 14,402.9 cubic feet. 

There seems to be a certain relation between size of house and size of wood 
rat inhabiting it. A number of large and vigorous individuals have been 
treed, some killed, from remarkable houses 4.5 to 7 feet high. A few large 
old males and females, however, have been found in shelters less than 3 
feet high. It may be that wood rats declining in vigor are forced to give up 
more desirable houses to individuals in prime condition 

Parts.—A typical house has a distinct apex. The finding of droppings 
on tops of some houses, especially where these are screened by cover, suggests 
that the apex of these is used as a lookout. Infrequently there is an opening 
to one side of the very top of a wood rat house. This usually gives access 
to an ascending stem of the plant that centrally supports the house, and by 
means of which the animal climbs aloft to its forage ground (see fig. 3). 

The base and body of the typical house is roughly circular to elliptical. 
It usually has one or more openings above ground. Some openings expand 
directly to the outside into “plazas” or porches, which consist usually of 
flattened or shelved places on the house. Some of these are fairly clean, 
but others are stained with urine and littered with droppings. Some con- 
tain, in addition, shells, stems, bits of leaves, seed coats, and other remnants 
of food. On the sides of certain houses there are paths between openings 
and the ground. 

One of the openings typically gives access to the pile of middens. This 
consists chiefly of various waste material which the wood rat pushes out of the 
nest chamber or away from the vicinity of the nest. Some form of midden- 
pile is observed at nearly every house, but long established structures are most 
likely to have the largest garbage dumps. Some gradually widen out in a 
fan-shape, and others are irregular. Although midden-piles may extend 
from houses in any direction, they are usually on the downhill side. This 
obviates a rehandling of the wasie that otherwise might back up against the 


house. However, some houses are so situated that the middens must be 
extruded on the uphill side. In one house at the top of a cut-bank, middens 
were extruded directly into running water 9 feet below. Waste piles fre- 
quently reveal a succession of layers of material of different ages. The base 
































ric. 1. View of Wildeat Canyon southeast toward Grizzly Peak. Note contrast 
between the wooded slope and the open, south-facing slope. Wood rats inhabit only the 
wooded area Photographed February, 1935 Fic. 2. House of wood rat built at base 
of live-oak where several trunks diverge from one root system. A coffee-berry shrub is 
in the foreground Stems of poison oak grow out of top and sides of house Photo- 
graphed September 14, 1936 Fic. 3. Typical house of wood rat beneath live-oak in 
tangle of poison oak brush The stems of the poison-oak growing out of the top of the 
house give the wood rat access to the forage area in the foliage above Note material 
newly added to apex of house. Photographed March 1, 1936 
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Tunneling beneath the base is not extensive. However, small piles of 
earth pushed out from the bases of some houses at the base of laurels and 
live-oaks, were found to have come from burrows leading a short way into 
the mass of roots below. Especially in the new houses of young wood rats, 
small quantities of topsoil are removed from the basal chamber apparently 
to expand it and to clear its passages. On March 20, 1936, a blind tunnel, 
127.5 em. long and averaging 8.5 wide and 8.4 high, was found extending 
from beneath a house situated at the base of a live-oak. The passage, com- 
pletely bare but packed smooth, lay an average of 17.4 cm. under the surface. 
It was irregular to the extent of having three lateral expansions, two raises 
and three slight dips. 

The wood rat house generally has one or two chambers, and such passages 
as are necessary to connect the chambers with each other and with the ex- 


terior of the house. Accessory chambers and passages have been observed 
only in older houses. Chambers vary in form from a mere expansion of the 
principal passage to a well outlined structure 30 em. long, 18 wide, and 15 
high. The sides are typically formed by the coarser materials of the house, 
with such fine twigs and litter as can be forced into interstices which may 
admit an excess of light, wind, cold, or rain. Frequently the walls exhibit 
ends of twigs and sticks that have been gnawed clear. In a few instances I 
have been able to look through openings in the house and directly view the 
well-formed nest and nest chamber in its comparatively dim light. 

Usually only one chamber has a nest. This chamber contains also a carpet 
of short pieces of grass, left-overs from feeding, and a pile of excreta. The 
nest is typically a thick-walled, oval or round pocket, recessed into the wall 
or floor of the nest chamber. It rests generally on a bed of fine chaff, which 
has filtered down through the coarser structure of the pocket. Below this 
lies a firm foundation of heavy sticks 

\ teacup might easily fit into the usual nest. Average and extreme 
measurements of 16 nests are as follows: long diameter 112.1 (90-185 mm.), 
short diameter 101.6 (85-112), depth of pocket 85 (70-118). Obviously 
size of nest pocket varies with the size of the wood rat using it. Three such 
nests of a single wood rat have been found in one house. 

The nest chamber in houses in Wildcat Canyon tends to be situated about 
midway, vertically, in the structure, and in the northern part. Nests 
examined invariably have been found dry to the touch, even after a heavy 
storm. This location of the nest chamber seemingly has three advantages: 
(1) It tends to avoid much of the moisture disseminated from the soil into 
the mulch at the base of the house; (2) more protection is afforded the site 
of the nest from rain beating down from the south and southwest during the 
late fall and winter months; and (3) some provision is made for a cool and 


shady spot for loafing during the warm spring, summer, and dry early fall. 
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Some houses exhibit an outpocketing of variable size from the nest cham- 
ber in which less perishable food, such as nuts, berries, and seeds, is stored in 
quantity. 

In the base of a typical house there is often one small subchamber into 
which rats have sometimes scurried when I disturbed the upper part. Later 
the rat would dash out from there, suggesting that the subchamber is used 
as a temporary refuge from certain enemies 

Typically there is a main passage, leading to the nest chamber, another 
leading from the nest chamber to the base of the house, and one which extends 
from the subchamber to the outside. In a good many houses there is one 
leading from the nest chamber to the pile of middens. Houses with a multiple 
system of chambers also have a multiple system of passages. The arrange- 
ment of passages, especially the principal ones, seems to be governed in part 
by the exposure of the house and in part by the presence of a home tree, 
shrub, or nearby tangle of ground plants 

Passages are almost invariably kept free from obstructions, and in many 
instances newly shorn ends of sticks and twigs may be observed in their walls. 

Houses of wood rats in Wildcat Canyon are commonly built about the 
base or to one side of a tree, stump, fallen log, shrub, or some object that 
lends considerable support to the structure. Frequently houses are centered 
in the crotch where two, three, or more trunks of live-oak or laurel arise from 
the same mass of roots (see fig. 2 Often poison-oak not only grows through 
the structure and binds it together, but forms a screening tangle about it, 
and a “ladder-system”’ to the forage ground in trees overhead. 

In building their houses, wood rats utilize only such materials as are 
available in the immediate vicinity of the home site. These consist usually 
of dead litter lying on the ground nearby. Many of these areas are com- 
paratively free of debris due to the building activities of wood rats. With 
the exception of fronds of wood fern, it is uncommon to find green material 
added to the structure. Dead leaves, twigs, small branches, portions of 
larger branches, plant stems (as fern), bark, dry grass, cow manure, moss, 
roots, dirt, and leaf mold have commonly been found in houses. Less com- 
monly I have found paper, bones, horse manure, tin can, feathers, sheet 
metal, shingles, canvas, boards, and rocks. On one house I found an old 
shoe, and in each of two others, situated some distance below the Berkeley 
Country Club, I found a golf ball. On the base of another house was found 
the skull of a Pacific horned owl 

The top and sides of a typical wood rat house are composed of coarse 
sticks and twigs with finer materials filling some of the interstices and binding 
the structure together. In captivity, carrying and dragging of materials is 
done with the mouth, while manipulations are accomplished with the 
forepaws. 


At one house, 22 sticks selected more or less at random averaged 32.9 cm. 

















VESTAL—BIOTIC RELATIONS OF WOOD RAT 19 


long. Another random selection of 48 sticks from a different house averaged 
31.8 cm. 

In newer houses the coarse structure extends to the base, but in older 
ones there is progressively more decomposition toward the ground and 
toward the center. 

Nests are made of well shredded grass, bark (a favorite is Dirca occiden- 
talis), stems of bracken, leaves of plants (as Smilacina sessifolia), and occa- 
sionally with several feathers of birds in the lining. The structure is packed 
down in the center by use and fluffed up as needed to round out the edges of 
the pocket. The materials are usually short, and do not cling together as 
well as in woven nests of some birds. Wood rats in captivity are generally 
particular about caring for their nests, adding to the structure and taking 
care not to flatten the sides by trampling. 





Numerous observations on a wide variety of houses differently situated 
reveal that the job of house building for the wood rat is a continuous one; 
although there is a seasonal variation in this activity, materials are added to 
some houses in Wildcat Canyon every month of the year. These materials 
are added as needed to the apex and to places on the structure where portions 
have been weathered off or otherwise removed. Falling limbs jar materials 
loose, or crush a part of the house; material is worked loose and pushed down 
by the occupant running about over the structure, and birds reduce the bases 
of houses by scratching. 

Wood rats are more active in building during the fall and winter months 
than in spring and summer, when reproductive activities occupy a good share 
of their time. 

On September 15, a strong wind swept the canyon. It continued during 
the night and following morning, at which time I visited the spot. Every- 
where on the wooded slopes dead leaves, twigs, and small branches were falling 
to the ground, covering it with a new carpet of dry litter. Two weeks later 
the first good rain fell; and on the following night I found the brush and 
ground soaking wet. Already wood rat houses exhibited much newly added 
material, especially on the top and sides. During the long dry spell that 
followed, this building continued, and by December 26, when the first heavy 
winter rains began, most of the houses visited had a changed appearance, due 
to the addition of litter. The same houses, visited again on January 12 and 
February 5, 1937, clearly showed the addition of still more material. Heavy 
rains had soaked the ground and saturated the materials and mulch in the 
base of every house, but the top and sides were fairly dry. Similar seasonal 
activity was observed also in the corresponding period of 1935-1936. Prob- 
ably this alternate drying and soaking markedly hastens the decomposition of 
house materials, which, added to the effects of ground-working birds, abun- 
dant at this season, practically compels the wood rats to accelerate their 
building operations in autumn. 
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What of the effects of the surroundings? Although intensive study over a 
period of many years would be required to fully answer this question, we 
do know that the decomposed mulch in the base of a house soaks up water 
The large number of these in Wildcat 
Canyon probably materially lessen the surface run-off. About a good many 
houses I have observed a notable wealth of plant growth 


in the rainy season like a sponge. 


new Rhus and 
Baccharis, an abundance of perennials, young shoots of shrubs (as Rhamnus), 
ferns, and in places even young trees. This appears to be coupled with re- 
plenishment of soil values about houses, due to the spread from them of 
refuse and mulch. The wood rat houses hasten decomposition of plant 
materials, increase fertility of soils, conserve water, provide food and shelter 


for other animals, and thus are of great importance to the biotic system as 


well as to the wood rats themselves. 


Locations of wood rat houses. 


While taking a census of part of the popula- 


tion in Greenhouse Canyon, I recorded 477 houses in 23 kinds of places. The 

following tabulation of these reflects some of the findings. 

NUMBER NUMBER 
LOCATION OF HOUSE oF LOCATION OF HOUSE OF 
HOUSES HOUSES 

In Rhus diversiloba At base of Saliz lasiolepis 6 
a) light tangle 9 ||About base of Rhamnus californica. 6 
b) moderate tangle 21 In hollow trunk of Umbellularia. 6 

c) dense tangle 133 ||At base of Arbutus menziesii: 

At base of Quercus agrifolia a) alive 3 
a) large 20 b) dead 3 
b) medium 29 ||At base and root mass of Umbel- 

c) small i) lularia 5 
d) dead stump 9 ||At base of Corylus rostrata 3 
e) stunted tree 14 Base of house in Alnus rubra 3 

At base of Umbellularia In Rubus vitifolius tangle 2 
a) alive 67 ||Built up in Sambucus 2 
b) dead 3 Saddled above ground in Umbel 

On ground underneath Umbellu- lularia 2 

laria californica 53 ||Saddled above ground in Quercus 2 

At base of or below Sambucus At base of Aesculus californica 2 

glauca 34 ||\In Ribes divaricatum l 
At base of and in Baccharis pilularis. 12 ||About base of Photinia arbutifolia l 
On bare ground in open (still in At base of Baccharis and Umbel- 

cover area) 9 lularia l 
At base of Quercus and Umbel- 

lularia combined 7 Total 477 


From the above and supplementary information I conclude that in con- 


structing houses: (1) There is a tendency toward a preferred location; (2) 


the selection of the site is probably as much a question of adequate food sup- 


ply as of protective shelter; and (3) practically every suitable location within 
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the habitat has been tried. By far the majority of houses are built on mod- 
erate slopes with good soil and drainage. Moreover, of all houses visited, 
only two were high up in laurel trees. Six were more than 5 feet from the 
ground in live oak; the highest was a relatively small house about 18 feet 
from the ground in a live oak. 

Young wood rats and house-building.—Captive young by May 15, when 
about two months old, were well able to pile materials about the opening to 
their nest can. In the field, however, I did not notice many new houses being 
built until the middle or latter part of July, at which time a number of small, 
new structures were seen in the vicinity of large and well established houses. 
Also, every one of the houses from which I had taken the inhabitant prior 
to or during the breeding season was now occupied, mostly by wood rats of 
the year. The new structures were built precisely like the old ones, but when 
first seen were only 35 to 60 cm. high, and 45 cm. to about 1 meter in basal 
diameter. Generally, there was but one opening and this at the level of the 
ground. The small amount of dirt and refuse accumulated since the struc- 
ture was begun had been extruded from this. Inside, each new house had a 
single nest chamber and nest. The new houses located most suitably as 
regards food and protective cover, continued to increase in size until February 
5, 1937. One house at this time measured 104 cm. high by 125 in diameter 
at the base. Other houses, more in the open and with sparser forage near at 
hand, remained almost the same size as when first seen. Whether the 
occupants had been killed by enemies, or whether they were run out by older 
rats or were starved out, I cannot say. At any rate, most of the structures 
poorly situated were unoccupied on this date. 

As the size of the house increases, the nest chamber is apparently moved 
higher in the mass of materials. Other openings and passages are gradually 
added as needed. The same plan is followed in all, although modifications 
are induced by the nature of the site chosen. Extreme modification of the 
plan described usually is found only in very large, old houses. 

Although three used nests belonging to a single rat were found in one house, 
other houses with more than one nest had only one that was used; the others 
were old and moldy nests beneath debris in chambers apart from the new 
nest chamber. Probably, when a pre-established house is taken over by 
another wood rat, a new nest chamber or nest is built. Apparently an older 
house may change hands a number of times over a period of years. 

Rebuilding of houses.—In the spring of 1936, I opened several houses, some- 
times replacing part of the materials removed and sometimes not. Subse- 
quent visits showed that in every case the wood rat rebuilt the part of the 
structure disturbed, but abandoned the nest chamber that had been opened 
and made a new one elsewhere in the house. Wherever a part of the wall 
of the nest chamber was left, rebuilding was undertaken within a short time. 
One wood rat used over again some of the materials that had been removed, 
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in addition to new litter from the vicinity. Frequently an animal remained 
in the base of a house while the upper part was being opened. On February 
5, 1937, I found that alongside a large house in which both a weasel and a 
female wood rat were seen April 27, 1936, and which I had taken mostly 
apart, the wood rat had rebuilt an entirely new structure, abandoning most 
of the house formerly occupied. Houses completely torn apart were never 
rebuilt, even when all the debris was left lying about on the ground. 

Distribution of houses in selected area.—Wood rat houses in Greenhouse 
Canyon were restricted to the area grown with brush and trees. Only one 
area of coyote brush, an isolated pure stand of about two acres on the south- 
east-facing slope, was without wood rat houses. The houses usually are in 
groups, but generally are spaced to such an extent that a certain amount 
of terrestrial and arboreal habitat is allocated to each. Estimates of the 
number of feet between a house and the next nearest one in 673 instances 
gave an average of 43 feet (range 4 to 300 feet). On this basis the-average 
house has a ground plot of 1859 square feet. In areas where cover is more 
abundant, houses of wood rats also are more abundant. 

Near the mouth of the canyon there were fewer houses. Here the slope 
was much greater than in the heavily populated area, Transition Zone condi- 
tions predominated, and near the creek laurels were abundant. Ground cover 
everywhere was sparse. The wood rats built at the bases of, or near, the 
laurel trees and apparently lived almost wholly on these trees, whose abundant 
shade doubtless discouraged plant growth and thus apparently reduced the 
desirability of the area for wood rats. 

A census of wood rats in the area was attempted. Criteria used in recog- 
nizing occupied as opposed to unoccupied houses were as follows: presence of 
newly trimmed litter on the apex and sides; absence of cobwebs and other 
obstructions in the openings and passages; fresh middens; sounds made by the 
wood rat; characteristic musky odor; fresh droppings; fresh cuttings of plants; 
warmth of nest pocket; presence of parasites and commensals beneath the 
nest; well maintained paths; and animals seen. 

Five hundred and sixteen of the 572 shelters were inhabited. The selected 
area includes about 24.8 acres. Allowing one rat per occupied house, there 
were 20.7 rats, on the average, per acre, in the late winter and early spring 
of 1936. 


BREEDING HABITS 


Observations on the breeding habits of Neotoma fuscipes were made largely 
in the winter and late spring of 1936. From January 20 to February 2, pro- 
gressive plant growth, from a condition of winter dormancy to one of budding 
and blossoming, was evident. On February 29, poison-oak was generally 
leafing out at the tips of stems. Much western leatherwood had already 
flowered, and its bright green foliage was appearing. Solomon seal carpeted 
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the ground in places. By March 4, most of the conspicuous plants that 
provided ground cover for the rats were well leafed and in blossom. 

From January 20 to March 7, the testes of male wood rats seemed to be- 
come progressively larger. Both males and females appeared to be much 
more active and excitable than earlier in spring. By March 14, it had become 
exceedingly difficult to follow their movements any distance through cover, 
so thickly had it grown up. 

On March 20, one female contained 3 embryos, 15.5 mm. in crown-rump 
length. Another female taken on March 28, had 4 large embryos, averaging 
26.7 mm. On April 4, a female was taken with four young, at most 8 days 
old, clinging to her nipples. Forty-seven juveniles found at 18 houses av- 
eraged 2.6 (1-4) per litter. 

In April, females with young were seen more frequently. None was 
recorded in May due to interruptions in field work during that period. 
Gradually, as summer passed, more young wood rats of the year were seen. 
Notwithstanding, on August 22, two friends forced from a house a female 
with two small, blind young clinging to her. 

Thus, judging from the earliest date on which young were seen, and allowing 
23 days for gestation (Donat, 1933, p. 24), in the spring of 1936, wood rats 
in the canyon began breeding about March 4. Breeding was apparently 
accelerated during the last of March and through April. Plant growth 
decreased during July and August, and the breeding season apparently was 
brought to a close at about the end of the growing season for plants. 

Repeated observations on houses indicated that only one litter is raised 
per year. Moreover, in four instances it was found that houses occupied by 
mature males were located near more than one house occupied by an adult 
female. A male may serve more than one female. Males continued to 
occupy houses in which they were observed prior to the breeding season. 

The clinging of suckling wood rats was observed on April 4, 1936, when a 
large female carrying 4 young was frightened from her house. As she ran 
above ground through dense poison-oak, more or less awkwardly with her 
heavy burden, one of the young was caught by a projecting stem of the plant 
and dislodged, suffering a gash in its right cheek. It fell to the ground and 
lay still. The mother continued on to the edge of the tangle, where she 
jumped horizontally about 14 inches to a nearby live oak. As she began to 
ascend with her young, I shot her, whereupon she fell about 6 feet to leaf mold 
below. None of the remaining three young were shaken off, even by this 
fall, so tightly were they clinging. On the way to the spot I picked up the 
single young rat, and placed it so that its mouth touched the free nipple. 
It at once took hold firmly, and remained thus until all young were later 
removed. 

In captives it was observed that the incisors, which splay out in opposing 
“Vs,” clamp down on the conical nipple, holding it as in a vise. The jaws 
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seem to be aided, when necessary, by a sucking action in which lips, tongue, 
cheeks, and respiratory system all have a part. Later, when the teeth were 
nearly straight, the young seemed unable to cling as well as before. Clinging 
with the mouth is supplemented somewhat by grasping with the feet. 

It is remarkable how young wood rats withstand battering on dense growth, 
through which their mothers often run, and still cling tightly to the nipples. 
Their sleek, dorsal fur enables them, in many cases, to skid along on their 
backs over leaf mold and to slide over rough places that otherwise might 
lacerate their tender skin. 

In two instances, young from within the house squeaked after the mother 
ran out with young clinging to her. 

All young rats in the field kept their tails curled underneath, out of harm’s 
way. In 20-day-old young, however, the tail functioned in a more or less 
prehensile manner, aiding the young in supporting themselves when in a 
precarious position (see fig. 4, A and B). 

When forced from their houses, female wood rats are not without some 
concern for their young. For example, one that I frightened from her house 
dislodged 3 of the 4 young clinging to her nipples. Two to 4 hours later she 
retrieved these. Another female found suckling a 23-day-old young in the 
branches of a live oak, grasped the young one with her teeth and fore paws 
as it began to lose hold of one of her nipples. The squeals that first attracted 
my attention were apparently from pain felt from the pinching incisors of the 
parent. For a moment the female held the young one by its hindquarters, 
and at the same time tried to maintain her balance on a twig. Then she 
jumped, with her young one in her mouth, to a safer perch. Putting the 
young down she ran along the branches for a short distance, then “froze’’ 
during the rest of the time that I watched her. 

In four instances, females with clinging young fled into the bases of nearby 
houses, occupied by large male wood rats. The male, in three cases, fled 
from the house within one-half minute after the female had entered. In 
another instance the male ran at once to the base of his house (as indicated 
by a loud clatter sound), and left immediately when I attempted to force the 
female into view again. All males fled to foliage of a tree or shrub within 
reach. Such retreat by the male, in the presence of a female with young, was 
pointed out by Donat (1933, p. 23) in the case of a captive pair of breeding 
wood rats. It seems probable that this behavior involves an instinct of 


antagonism that is aroused in a female primarily for protection of her young. 


FOOD HABITS 


Observations on feeding habits of Neotoma fuscipes were made with 
attention to influences of the surroundings and of adaptations made to these 
by the mammal. 

Study of the distribution of wood rat houses in Greenhouse Canyon, and 
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in an area below the Berkeley Country Club, pointed to wide variations in 
established biotopes. Since arrangement of plants in the cover area was 
found to be highly variable, availability of foods sufficient to fill the needs of 
individual rodents was thought to be correspondingly variable. 

By tabulating the more conspicuous species of plants about each of 465 
houses, it was found that from 1 to 23 common species were within reach of an 
individual house. The average number of species about houses was 10.6. 
Notation of 33 lots of fresh cuttings of plants seen in partial or full view about 
the house, and thought to be used by the rats, indicated a total of 12 species, 
averaging 1.8 species per house (range 1-4). In 16 nest chambers of wood 
rats, 20 species of plants were found being utilized as food, with an average 
of 4.5 species per house (range 3-6). Sources of foods in each instance could 
be seen in the immediate vicinity. 

It is probable that a complex of biotic factors, including the site selected 
by the mammal on which to build its home, is involved in determining avail- 
ability of foods. In the presence of dense arboreal cover, as in groves of 
laurel producing a great amount of shade, there is a noticeable absence of 
plant growth. Wood rats inhabiting such an area are forced to subsist on 
whatever is nearest in greatest abundance. Piles of middens and forage signs 
about houses, built at the base of or near laurels, revealed that feeding habits 
of those animals living in the midst of a laurel grove centered about laurel. 
In one outstanding instance a wood rat had built its house at the base of a 
group of three laurel trees near the center of a laurel glade that was used for 
the greater part of the year as a bedding ground by cattle. The few peren- 
nials that grew under the trees had either been browsed or thoroughly tram- 
pled by cattle, to such an extent that the ground was practically devoid of 
young plants. About 90 feet away, however, perennials and grasses were 
present in comparative abundance. Yet a Pacific horned owl frequented 
the glade as a loafing ground during the day and as a part of its nocturnal 
hunting ground. There seemed no alternative for the mammal but to subsist 
largely on its home trees. Cuttings of laurel in the house, freshly extruded 
leaves and old and fresh laurel nutshells on the pile of middens, and fresh 
green cuttings of laurel dropped from foliage above, indicated that this 
course was followed. 

At the opposite extreme were houses built in dense ground cover, with rich 
soil and abundant sunlight. One of these houses was situated close by a 
dense Rhus tangle to the southwest. Large laurels were available to the 
immediate northeast. In addition, plants such as Baccharis, Smilacina, 
Rubus, Scrophularia, Sanicula, and Sambucus were nearby in abundance. 
Cuttings on the house showed that 5 species were being taken as food. The 
density of cover, both terrestrial and arboreal, seemed to offer less risk to the 
foraging rats than did the location mentioned above. 


To determine kinds of foods used by wood rats in the wild, examinations 
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were made of the nest chambers in houses, of midden-piles, of feeding stations, 
of cropped vegetation, and of other signs of foraging abroad. 

In the accompanying lists it will be seen that foods consumed include 
herbage and fruit of trees, shrubs, bushes, herbs, and grasses. 


Foods taken in the field: 14. Diplacus aurantiacus 
1. Umbellularia californica (and nuts) 15. Sanicula menziesii 
2. Photinia arbutifolia (and berries) 16. Chlorogalum pomeridianum 
3. Quercus agrifolia (and acorns) 17. Scrophularia californica 
‘ Arbutus OREESTS é 18. Echinocystis fabacea 
o. Sambucus glauca (and berries) 19. Smilecina seas ifolia 


6 Saliz lastolepis 20. Lonicere hispidule 
7. Ceanothus thyrsiflorus (and flowers) a s gga 
8. Rhus diversiloba (and seeds) =. tele tg eo , , 
© Mites ites 22. Fragaria californica (and berries) 
10. Baccharis pilulari 23. Rubus vitifolius (and berries) 


11. Corylus rostrata (and nuts) 1. Symphoricarpos albus 


, 
12. Ribes sanguineum (and berries) ). Rubus part L/lorus 


by to t 


Aspidium rigidum 6. Rosa gymnocarpa 


Although various forms of fungi were growing in the damp leaf mold during 
March and April, 1936, none was observed to have been touched by wood 
rats. Frequently I found mushrooms, growing near the base of occupied 
houses, showing no signs of claw or tooth marks. This is mentioned because 
Parks (1922) reported fungi to comprise an important item of food for this 
same subspecies of wood rat in Santa Cruz County, California. 

Sixteen houses, in which fresh cuttings were found, revealed a range 
of 10 to 44 cuttings, with an average of 25 cuttings per house. Apparently, 
the numbers represented the work of a single forage period. On this basis, 
the 516 rats recorded in part of Greenhouse Canyon would gather about 
12,952 cuttings per day, or close to 4,727,480 in a year’s time. Actually, 
some of the cuttings are consumed abroad at night and others are dropped 
to the ground and left. As estimated from captive animals, an adult rat 
consumes about 72 grams of plant food in each forage period. 

The constant desire for green food in wood rats is concerned with a demand 
for the water that is contained; the animals seem rarely to consume fresh 
water either in the laboratory or in the field. An adult female captive has 
refused water offered her in a dish and from a clean pipette from March 9, 
1936 to date of writing (February 10, 1937). Younger captives have done 
no more than barely to lick a few drops from the pipette since they first took 


green food in April. 

While mapping locations of wood rat houses, estimates of distance from 
houses to the bed of the canyon containing running water were made in 465 
instances. On the average, houses were 285 feet (9-750) from the stream. 
It was thought that the greater distances would be prohibitive, since it 
would require an individual to traverse twice nearly 7 areas of other wood 
rats, not to mention the chance of capture on the way by an enemy. 
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Even where houses are built near the bed of the creek, it is difficult to locate 
signs of wood rats at the water’s edge; yet abundant sign of rats was ob- 
served along a log of laurel that bridged the creek just below this point. 

By feeding abroad at night the animal has to its advantage the relatively 
cool and humid conditions that ordinarily prevail throughout the night in the 
canyon. It is thereby able to gather and consume plant food that is covered 
with dew in the morning. The accelerated activity at night may be com- 
mensurate with the natural increase in humidity and the decrease in tem- 
perature in the area of cover. Cuttings stored at night, in the cool nest 
chamber of the house, are fresh and moist the next day. The burying of 
more permanent stores under twigs and fine debris in the house conserves 
the richness and moisture of this type of food. 

Throughout the day the rat is relatively inactive, remaining in the dark 
and cool interior of its house. Judging from captive animals, feeding, resting, 
and acts associated with sanitation, are the chief activities. These seem to 
be carried on in leisurely manner. 

Feeding rhythm.—In a night spent among the wood rat houses, sounds made 
by the rats suggested that their nocturnal foraging was conducted inter- 
mittently between dusk and daybreak. Examination of nest chambers of 
wood rats as early as 6 A.M. showed fresh cuttings tucked and rammed into 
spaces close to the nest. 

That wood rats do feed away from their houses is apparent from extraneous 
signs, such as nibbled leaves and cuttings, observed on the ground beneath 
forage trees. Evidently these are lost, or dropped voluntarily, after a few 
bites have been taken. Many show only oblique incisor marks on the stem. 
In one instance (January 21, 1936) an area 100 feet square was marked off, 
beneath abundant laurel foliage, where leaves and cuttings had fallen to the 
ground. Cuttings and number of leaves on each were then counted, and the 
length was taken of each twig stem. The totals obtained are as follows: 
Number of cuttings, 353; number of leaves on cuttings, 3017 (aver. 8.5); 
length of twig stems, 21,767 mm. (aver. 61.6). The diameter of any stem 
counted did not exceed 5mm. None of the numerous detached leaves lying 
on the ground was counted. 

Four days later another count, made on the same plot, revealed that in the 
meantime 164 additional cuttings had fallen. The selected area was in the 
vicinity of 4 occupied houses of wood rats, and it was thought that each of the 
animals had contributed a share of the cuttings. On this basis, perhaps, 10.2 
cuttings were lost per wood rat each night. At a similar rate of deposition 
for a year, all four wood rats would have contributed 14,892 cuttings. 

Another evidence of wood rats feeding abroad at night was the finding of 
feeding stations near houses on the ground, and up in trees or shrubs. On the 


ground, stations were usually expanded or cleared areas along forage runways. 
Some of the items found at stations were bits of green food and partially 
eaten seeds and seed-coats of poison-oak. Feeding stations were found also 
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on a stump, along fallen logs, on rocks, and on smoothed humps of packed 
earth. Up in live-oaks, feeding places were found on platform-like aggrega- 
tions of sticks and twigs supported by branches. Bits of fresh and dry oak 
leaves, shells of acorns, and stems of twig cuttings were items found in them. 
Remnants of ground food plants were not seen in tree stations examined. 
The more oblique or vertical limb arrangement in laurel does not seem to be 
favorable to the establishment of feeding stations in these trees. 

Another form of above-ground feeding station was observed in a tangle of 
shrubbery. It consisted of a regular nest built about 3 feet above ground in a 
tangle of dense poison-oak, thimble-berry, and blackberry growth, with a 
few sticks placed over the top to help form a canopy. At first glance the nest 
appeared like that of some bird about the size of a robin. The presence of 
nibbled parts of cuttings, together with the slightly dishevelled, though 
damp, nest form indicated recent use by wood rat. This peculiar station 
was located within 5 feet of two wood rat houses lying respectively ‘to the 
north and south. Another house was situated 10 feet to the southeast. 
Opposite openings from the nest gave access to the structures situated north 
and south. 

In a night spent among the wood rat houses, and on early morning trips 
there, it was found that general activity ceased at daybreak; the notable 
stillness contrasted sharply with the noises made earlier by the rats. Appar- 
ently, by this time sufficient cuttings have been brought in to last throughout 
the day. These have been rammed into spaces available in the nest chamber 
near the nest itself. 

Feeding in daytime is mostly in the nest chamber. Frequently when 
approaching a house the rat was heard to scurry from what later proved to 
be the nest chamber to the base of the house; and in five instances individuals 
were heard nibbling at a point in the house that later examination showed 
to be the nest chamber. Also, locations of permanent stores have been found 
always closer to the nest and nest chamber than to any other chamber in 
the house. 

The captive rats fed intermittently during the day. When hungry they 
had only to raise themselves from their dozing postures and grasp a cutting 
of green food beside their nests. Oftentimes captive individuals did not 
leave the nests to eat. After feeding they usually occupied themselves with 
sanitation, and resumed their sleeping, awakening only for a moment or two 
on being startled by certain sounds, to scratch at irritable places on the body, 
or to change the sleeping posture. 

By late afternoon in the laboratory (4:30 to 5:30 P.M.) most of the morn- 
ing feed had been eaten. In the field, houses visited at about this time ordi- 
narily did not show many green cuttings remaining. Captive animals began 
to be more active and to move out of their nests with greater frequency. 
Evening feed was generally given them at 6 P.M., and from this time on they 
stirred about in the activities of nocturnal feeding. 
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Seasonal variation in food habits.—In the fall and winter months, when 
green food is scarce, it seems that wood rats forage more on evergreens than 
at any other period. Probably they are forced to do so. Stored foods, such 
as seeds, acorns, nuts, and berries, are used to compensate for the reduction 
in supply of greens. Houses opened during the period from September to 
February exhibited a supply of green cuttings, but also abundant stores, 
especially of nuts, acorns, and seeds. 

By the middle of March, there is generally an abundance of new growth. 
In April and May the dense cover reaches a maximum; then, for the most 
part, it gradually declines through June, July and August. During this 
period, when nuts, acorns, seeds, and the like are less available, it appears as 
though wood rats are compelled to subsist on the rich growth of perennials 
and shrubs, in addition to foliage from laurel and live-oak. 

The ability of the wood rat to adapt itself is well shown, perhaps, in its 
readiness to take advantage of whatever food the habitat provides with the 
season. However, most wood rat houses in the area of study were found to 
be within reach of some tree or shrub that bore green foliage throughout the 
year. California laurel, live-oak, and coffee-berry seemed to rank high among 
dependables for wood rats in Wildcat Canyon. 

Storage of food.—The wood rat is active the year around. In order to tide 
over less favorable periods of the daily and seasonal cycles of activity, it 
stores food. Stores of wood rats are of two kinds; those for temporary or 
daily use, and those for seasonal use. The temporary store is accumulated 
and consumed, for the most part, in a single period of 24 hours. Usually 
only fresh green food is involved. It is never buried nor covered in any man- 
ner. This storing occurs throughout the year, possibly because wood rats 
are dependent on green food for water. In quantity, a temporary store 
usually bulks much less than a permanent store; but in the long run, tem- 
porary stores probably aggregate more. 

The permanent store, on the other hand, is evidently accumulated over a 
number of night-day feeding periods, or as long as storable foods are available. 
Storing is accomplished as foods become ripe, in addition to the nightly 
storing for diurnal use. The foods involved are less perishable and consist 
of nuts, acorns, seeds, and berries (as of toyon). Judging from houses exam- 
ined, these are brought in and placed either in a special chamber, or in every 
recess or interstice handy to the nest chamber. Oftentimes materials are 
deposited in spaces in the nest chamber and under the nest itself. Often the 
foods are partially or wholly covered with dry leaves, short twigs, and other 
detritus. This type of storing follows the ripening of natural crops, from 
August to February, with the height of activity occurring in September and 
October. It is in the latter month that the bulk of the laurel nuts and live- 
oak acorns fall to the ground. Judging by fresh nutshells and seed-coats in 
nest chambers opened in the fall and winter, the stored foods are consumed 
along with green food. 
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In permanent storing, but not in temporary storing, there is usually, but not 
always, segregation of foods. Poison-oak seeds and seed-clusters have been 
observed in a cache by themselves. Large, separate stores of laurel nuts and 
live-oak acorns have been found. One store, however, contained both acorns 
and laurel nuts, with an intermingling of Rhus seeds. 

In a store opened September 28, 1936, I found the following foods and 
amounts: 


FOOD NUMBER | WEIGHT IN GMB. 
Rhus diversiloba seeds (?) 96 
Umbellularia californica nuts 843 2 ,946 
Quercus agrifolia acorns 993 1 ,461 
Total 1 ,836 4,503 gms. (about 
8.9 lbs.) 


In order to have obtained all of the stored materials the house would have 
had to be totally destroyed. This was not done and the remainder was 
estimated at one-eighth the amount removed, which would make the total 
weight about 5065 grams, or 9.8 lbs. 

A store opened January 12, 1937, yielded 1618 grams of acorns, mostly 
small and poorly developed. Three clusters of Rhus seeds also were found. 
Many of the acorns were in clusters, which the wood rat probably obtained 
by simply severing the end of a bearing twig. Many of the clusters included 
from 2 to 4 dry live-oak leaves. On the same day another cache opened 
consisted mostly of acorns and acorn clusters, but included also a few laurel 
nuts and 5 clusters of poison-oak seeds. The materials removed weighed 
2672 grams, or about 5.2 lbs. 

Waste food materials, as well as excrement, are usually kept clear of per- 
manent stores. 

When storing is begun early, laurel nuts generally are stored in their thick 
green pods. After standing for about two weeks the matrix of the pods 
becomes dark brownish, and is found to be decidedly soft and mushy on 
breaking the outer skin. When a laurel pod is green, wood rats apparently 
do not eat the matrix of the pod itself, although they do open and eat the 
contained nut. 

In storing live-oak acorns the captive animals frequently take two at a time. 
One is pushed back into the mouth while the other is held firmly between the 
incisors. The acorns are then carried to a spot behind the nest, in one corner 
of the cage, and deposited often beneath some of the nest materials. 

A number of grains of barley or sunflower seed are literally brushed into 
the mouth and are then expelled from it at once in a selected place behind 
the nest. 

Forage range.—Field observations indicate that the forage range of a wood 
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rat is customarily restricted to the vicinity of its house. Sources of cuttings 
taken from nest chambers usually could be located within a short distance 
of the house. For example, in one instance Smilacina cuttings were thought 
to have been obtained from a group of plants a little over one yard from the 
house; another wood rat had obtained cuttings of Sambucus not over 14 feet 
from the top of its house. One female had stored acorns, which evidently 
came from foliage directly over her home, but laurel nuts which she had 
cached must have been obtained at least 100 feet away. 

On opening a large house February 5, 1936, built at the base of a live-oak, 
15 cuttings of 4 species of food plants were found in the nest chamber. Seven 
of the cuttings were Rhamnus californica, the nearest shrub of which was 20 
feet northwest. On another occasion the source of cuttings of Baccharis 
pilularis was located about 15 feet from a house. 

It is thought that the forage range of wood rats is restricted by a complex 
of biotic factors; and that the same factors that limit the range of feeding 
tend also to cause it to vary. The quantity and distribution of plant foods, 
quality of plant foods, the distribution, disposition, and number of individuals 
in the same area, the prevalence of enemies, the character and exposure of 
slope, and the density of cover were considered to be significant. Because of 
the location of a house, only one or two factors may have predominant influ- 
ence. Individual wood rats bring cuttings from at least as far away from 
their house as 100 feet. 

Damage to plant growth.—All plants used by wood rats for food show, to 
some extent, the effects of persistent trimming, especially those that grow 
more slowly. Several coast live oaks were found trimmed literally to death. 
Other trees overly pruned by wood rats appeared also to have been diseased. 
The greatest amount of pruning probably takes place in winter, when fewer 
ground plants are available. Many oaks exhibit clusters of young growth 
attempting to get a fresh start. Were wood rats removed from the base 
of vicinity of such trees, a splendid growth might again be produced. Many 
fine oaks, still with an abundance of foliage, exhibited peripheral twigs from 
which wood rats had removed inside foliage, leaving a ‘‘tuft’’ of foliage at the 
tip and a gap free of foliage for a few inches adjacent to the tree. In avoiding 
the dangerous peripheral area, wood rats trimmed inside the periphery, but, 
to some extent, spoiled the appearance of the trees. 

Laurels also showed the subperipheral trimming, but only once was seen a 
young isolated plant that seemed in danger from the work of wood rats. 

Fresh gnawing was seen on the bark of just one live-oak. The gnawing 
was not extensive and had not exposed the cambium layer. Extensive gnaw- 
ing of bark from limbs of Sambucus and Photinia has been seen, but none has 
been observed on laurels 

Feeding behavior.—Tooth marks on cuttings found in the nest chamber 
indicate much about the manner in which cuttings are obtained. Most 
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tree cuttings are from twigs and smaller branches. Generally the stem is 
severed cleanly with one or more oblique cuts, the number of which is indi- 
cated by ridges on the cut surface. By severing the stem obliquely the 
incisors cut with the grain of the wood, and cut more easily. A cross cut 
seen a number of times in the laboratory, on short stems produces a loud 
“snip,” and the process of cutting appears to be more laborious. 

Each of the larger tree cuttings probably represents one round trip to 
peripheral foliage, since no more than one large cutting at a time is carried 
by the captive animals. However, the captives often carry as many as four 
small cuttings, always with the mouth and not by means of the fore feet. 

CYCLES OF ACTIVITY 

Field observations indicate that this wood rat is for the most part nocturnal. 
Silent waiting, even in more shaded groves of laurel, has more often than not 
failed to reveal an animal moving about in broad daylight. 

A few rats, apparently immature animals, left their houses when I ap- 
proached them in the daytime. One of these, a male, would run up a live- 
oak adjacent to his house and ‘“‘freeze’’ as soon as I stopped moving, but when 
I moved closer, the animal would continue on up into the foliage and ‘freeze’ 
again. He would not return to his house as long as I stood nearit. Later, I 
found that the animal was frightened out of its shelter by the sounds of 
cracking and crunching of dead leaves, sticks, and other litter. 

On the morning of June 7, 1936, I encountered 3 rats in the sun on the 
outside of their house. The animals quickly dashed out of sight into the 
house when I approached. Rain had fallen in the previous day and night. 
Possibly the animals had become wet and were drying off in the warm 
sunshine. 


] 


Wood rats in Wildcat Canyon are active the year around. Aside from a 
tendency for individuals to accelerate activity in a general way during the 
breeding season and in fall, when permanent storing is in progress, no seasonal 
variation was noted. 


ENEMIES 


Remains of Neotoma left by bobcats (Lynz rufus californicus) were found 
on two occasions; they were about 30 feet from the nearest house. These 
findings, and the fact that no house was seen broken into by bobcats, suggest 
that they catch the rats away from the houses. In both cases the remains 
found consisted of the stomach, small intestine, and a part or all of the large 
intestine. Each of two bobcat stomachs, taken (one March 9, 1933, the other 
not dated) from Wildcat Canyon less than a mile south from Greenhouse 
Canyon, contained bones and flesh of wood rat. 


In times past the coyote (Canis ochropus) ranged in greater numbers over 
the Wildcat Canyon basin. Probably it then accounted for many wood rats. 
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Now, however, only an occasional track can be found on the trails on the 
San Pablo ridge side of Wildcat Canyon; and I have seen none in Greenhouse 
Canyon. 

Twice during the past spring, dogs, once a pair and again a pack of five, 
were found tearing at wood rat houses in attempts to capture the occupants. 
The five dogs had pawed and dug at one side of the house until it was in ruins. 
In both instances the dogs attracted my attention by their excited barking 
and clawing. A dachshund belonging to a friend was allowed to pursue a 
full grown male wood rat in the field. It easily overtook the rat within 25 
feet, but refused to touch it when dead. 

An important enemy, at least locally, is man himself. Stamping on the 
houses of wood rats as a sport has long been practiced about the vicinity of 
Wildcat Canyon. Men and boys with a .22 caliber rifle, and often a dog, 
hunt the animals for sport and for target practice in the field. Commonly 
one group brings in a dozen wood rat tails as evidence of a morning’s sport. 
This hunting is now done chiefly in fall and winter by youths living within 
easy walking distance of the canyon. Probably more rats would be taken 
in this way were it not for many persons’ fear of the poison-oak. I have 
frequently observed where wood rat houses in the open have been well 
stamped, and some strewn about, while those in dense poison-oak tangles 
were unmolested. 

Probably pet house cats, of families residing close to the canyon, take 
wood rats. At my home I have frequently seen them stalking my 4 captive 
wood rats 

Raccoons, skunks, and opossums inhabit the canyon. Although I have 
no evidence that they prey on the wood rats, English (1923) mentioned the 
skunk as an enemy of Neotoma fuscipes fuscipes in Oregon. A box-trap set 
beside 4 houses in Greenhouse Canyon took a raccoon and later a spotted 
skunk. The latter, when released, sought refuge in two of the houses. 

On April 27, 1936, at 9:05 A.M., a weasel (Mustela frenata nigriauris) 
was seen and heard in a wood rat house. The structure was opened on May 
3, and remains of four animals, three wood rats and one white-footed mouse 
(Peromyscus californicus parasiticus), were found (see Vestal, 1937). 

Of 22 pellets of the Pacific horned owl (Bubo virginianus pacificus) from the 
area studied, 6 contained remains of wood rats. 

Seventy-four pellets of the barn owl (Tyto alba pratincola), picked up in 
Greenhouse Canyon in a space of less than one-half acre, yielded remains of 
120 Stenopelmatus, 1 bird, and 188 mammals, 5 of which were wood rats. 


EXTERNAL PARASITES 


Fleas (Ceratophyllus fasciatus) —Wood rats that I have taken in the field 
all have had numerous fleas. These have been found mainly about the nose 
and on the underparts. Nests shaken apart usually have yielded a number 
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of these pests. Very young wood rats, in which the eyes have not yet opened, 
have not been found parasitized by fleas or other external parasites; and yet 
their mothers showed otoacariasis and a heavy infestation with fleas. Later, 
two young rats, with their eyes open and still suckling, were found to be 
parasitized by fleas. 

The large rodent flea (Hystricophilus) was found in three nests. 

Bot warbles (Cuterebra sp.).—On April 2, 1933, I took an adult male wood 
rat with a single large bot warble beneath the skin, midway between the 
angles of the jaws. April 10, 1936, I treed a large male that had a bot warble 
on the right side, between the angle of the jaw and the point of the shoulder. 
The rat did not move or exhibit signs of torment. 

Cone-noses (Triatoma protracta).—In houses opened in February and 
March, 1936, nymph and adult forms were seen usually in dark recesses close 
to the nest. One adult cone-nose was found in the nest itself. 

Otoacariasis (Otodectes sp.).—Almost without exception adult wood rats 
taken have the inside of one or both ears infested; commonly, this is localized 
in recesses of the pinna. The infestation consists usually of masses of minute, 
cream-colored and orange mites that have fastened themselves to the delicate 
skin of the pinna. In no observed instance has infection been sufficient to 
close the orifice of the auditory canal. No indication of otoacariasis was 
found in the 6 juvenile wood rats and one-half grown female taken. 

Ticks (Ixodes ricinus).—On March 28, 1936, one gravid tick and a “‘seed”’ 
tick were found attached dorsally on the nose of a female wood rat. Two 
adult wood rats, male and female, shot on February 5, 1937, were infested 
with ticks. One was attached at the base of the largest supraorbital vibrissa 
of the female. The male harbored three—one at the angle of the mouth, 
and an adult and a “seed”’ tick on the mid-line of the chin. In addition 
to these loci of attachment, ticks on wood rats were found at the base of the 
mystachial vibrissae, just below the lower eyelid, on the cheek, and at the base 
of or on the pinna of the ear. 

“Boil” or cysticercus infection.—August 24, 1936, the fresh skin of an 
immature female wood rat exhibited a large “boil’’ midway dorsally between 
the points of the shoulders, precisely like those that I have seen on brush 
rabbits and jackrabbits. 

No attempt was made to extend observations on internal parasites. 


EFFECTS OF HUMAN ACTIVITY UPON WOOD RATS 


For more than 25 years the city of Richmond has maintained a park at the 
mouth of Wildeat Canyon. Clearing and burning of poison-oak and obscur- 
ing underbrush has resulted in the disappearance of nearly all of the wood rats 
that once were abundant in the area. One-half mile farther up the canyon, 
beyond the park, local residents have trimmed out laurels and some oaks for 
firewood. In both of these places clearing operations, in removal of food and 
cover, have rendered much of the area unsuitable for wood rats. 
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Hunting of wood rats, by forcing them into the open and shooting them, 
has reduced the total population but little, probably because of the lack of 
persistence in the sport, which is limited mainly to fall and winter. 

In the two years 1935 and 1937, a group of residents from Pinole and Rich- 
mond organized into a club for the pursuit and capture, with the aid of 
trained hounds, of wildeats and raccoons, has hunted over the area of my 
study. Over 100 wildcats were taken in one winter’s hunting. Possibly 
as a result of this reduction in the number of bobcats, many new wood rat 
houses have been built during the last year, indicating some increase in the 
numbers of these animals. Providing that human interference does not too 
far upset the natural balance in the canyon, the wood rat will accomplish its 
rightful share in making the regional park a more interesting place. 


SUMMARY 


1. A field study, supplemented by observation of captive animals, was 
made of the life history and biotic relations of the wood rat (Neotoma fuscipes) 
in Contra Costa County, California. 

2. The wood rat is restricted to areas provided with a mixture of chaparral 
and trees 

3. The animal makes a clattering sound, an alarm signal, by vibrating its 
tail against the structural materials of its house; this is infrequently followed 
by a peculiar whine. It chatters in two ways, and squeals when angry or 
frightened. The single anal gland secretes a musky scent. The eyes at night 
reflect a reddish-orange glow. Droppings of the wood rat are deposited in 

pecial places, and are significant for the habitat by promoting plant growth. 
+. Among biotic associates of wood rats are; 7 kinds of mammals, 19 kinds 
of birds, 3 amphibians, a wide variety of arthropods, including insects, myria- 
pod " and arachnids, and a gastropod mollusc. 
5. The conical houses of wood rats sometimes are taller than the average 
man. The sticks, twigs, leaves, and other litter of which they are built are 
obtained in the vicinity of the houses. The house serves: as a place to store 
food and rear young; for protection from enemies and rigors of weather; as an 
aid to social communication; and for living in general. Each house has one 
or more chambers with connecting passages, openings to the outside, a nest, 
and a pile of middens. MHouse-building is a continuous process because of 
the destructive effects of: weathering; falling limbs and branches; enemies; 
ground-working birds; decomposition of materials in the base; and activities 
of the rodents themselves. Accumulation of water in the basal mulch in 
winter, and the spread of compost from the base, are reflected in more abun- 
dant plant growth about houses of wood rats. Young wood rats either build 
houses of their own or take over unoccupied houses. Provided a house is 
not totally destroyed, the inhabitant usually rebuilds a damaged one. Except 
for a female with young, one rat per house is the rule. Houses are spaced so 
that each is surrounded by an area sufficient for subsistence of the inhabitant. 
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Houses are most numerous in areas where plant growth (perennials, brush, 
and trees) is most abundant. 

6. An average of 20.7 adults per acre was found at the beginning of the 
breeding season in one favorable area of about 25 acres. 

7. The breeding season coincides roughly with the period of maximum 
plant growth in the habitat. It begins about March 4 and most young are 
born in early April, although some are born as late as the latter half of August. 
One litter per season is the rule. Average and extreme numbers of young in 
18 litters were 2.6 (1-4). Wood rats appear to be polygamous. 

8. Foods eaten by the wood rat include herbage and fruits of trees, shrubs, 
bushes, herbs, and grasses. A daily supply of green food enables wood rats 
to dispense with free water. They store green food each day within reach 
of the nest. In autumn they store also nuts, acorns, seeds, and berries, 
which are used in winter. Wood rats do not hibernate. The forage range of 
a wood rat averages less than 100 feet in radius from the nest. In some 
places, where numerous, the animals damage trees by over-pruning 

9. Enemies of wood rats are; bobcats, horned owls, men, weasels, barn 
owls, and dogs, important in the order named 

10. Wood rats are externally parasitized by fleas, cone-noses, bot-warbles, 
ear mites, and ticks. 

11. Human activities of clearing and burning of underbrush and trimming 
out of trees eliminate wood rats. As a result of the killing of many bobcats 
in Wildcat Canyon the wood rats have increased ther 
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LATE RECORDS OF CARIBOU IN MAINE 
By Raupu S. PALMER 


A big-game questionnaire, sent to all Maine wardens in the summer of 
1936 by C. M. Aldous of the Wildlife Conservation Department of the 
University of Maine, yielded interesting data on the larger mammals of this 
state. Particularly noteworthy was the fact that no woodland caribou 
(Rangifer caribou caribou) were reported as having occurred here since about 
the year 1908. 

Because of the fact that so many supposed occurrences of caribou in Maine 
in the last 25 years have been published and given credence, I have entered 
into considerable correspondence in an endeavor to check various reports. 
Most of the literature on Maine caribou has been reviewed, but not all of it. 

Former abundance.—The reports of the Commissioners of Inland Fisheries 
and Game, some of which were rendered annually and some biennially to 
the Governor, have yielded some data on former numbers. Caribou are 
first mentioned in the report for 1886 (p. 23) as follows: “Of caribou it is 
difficult to make any estimate of increase or decrease. The reports to us are 
of plenty and in all sections. We have heard of many being killed, but of 
all our game animals the caribou is the most capable of taking care of 
itself... .” 

In the report for 1889-90 is (p. 18) the following: “‘We think moose and 
caribou have made no increase. Caribou, being migratory in their habits, 
cannot be depended on, often being plenty one year and none the next.” 

The report for 1895 (pp. 17-18) stated the matter thus: “From the same 
sources of information we learn that the shipment of caribou for 1895 was 
double that of 1894. These shipments represent a larger per cent of the whole 
number of these animals taken than the shipment of deer, for but few of them 
were consumed by our people, or in the forests, and most of them passed 
through the express offices. The whole number of these animals shipped was 
one hundred and five for the current year. And it will also be remembered 
that in 1894 a person might lawfully take two caribou while in 1895 he 
could take but one. The indications, therefore, seem to be in favor of an 
increase in caribou, .. . 8. L. Crosby, Esq., the leading taxidermist at Ban- 
gor, who is familiar with this subject, in a paper read by him before the 
Maine Sportsman’s Fish and Game Association at its last annual session, 


said, ‘the caribou is a roving, migratory creature, here today and perhaps 
miles away tomorrow, and I well know that in some sections of the state 
where they were formerly abundant they are now very scarce, but they were 
not killed off; they merely changed their feeding grounds. This season we 
have received fifty-one heads for mounting as against twenty-eight last season, 
and in ten days three of my friends who hunted around Mt. Katahdin counted 
over seventy-five caribou, and in various other localities old hunters assure 
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me that they have never before seen them more abundant. Of course, ow- 
ing to their roving nature, the supply will vary but rest assured that there 
will be good caribou hunting in Maine for many years to come.’ ” 

A year later (1896) the report was decidedly not so favorable, for we find 
(p. 11) the following: ‘From the best information obtainable, from the most 
reliable sources, the caribou is fast disappearing, and will very soon be prac- 
tically extinct, unless a closed time, for a series of years, is put on them, or 
more stringent laws enacted for their protection.”” On page 12 of the same 
report the number of caribou killed is given as 239. 

The report for 1900 (p. 18) mentioned the closed season, later extended, 
which prohibited the killing of caribou before October 15, 1905. It con- 
tinues as follows: “It appears certain that there are practically no caribou 
in the state. Many different reasons are given for their disappearance which 
appear plausible enough; that they are not here now is apparent. WHere 
they have gone and why they went will continue to furnish fruitful topics 
for speculation for years to come. It is freely prophesied by guides, hunters, 
and others somewhat familiar with the haunts and habits of these valuable 
animals that they will as suddenly reappear in the near future as they dis- 
appeared but a few years ago. That they migrated before the muzzle of a 
Winchester rifle, or died in consequence of the great increase in deer is the 
prevailing opinion among those best qualified to give an opinion. The cari- 
bou seem inclined to isolate themselves from other large game.” 

The report for 1904 stated, in part (p. 21), as follows: ‘There is no indica- 
tion that the caribou are returning or will ever return. . . .” 

The report for 1906 stated (p. 26) briefly: “There are no indications of any 
caribou in the state.” 

I have not seen any reliable estimates of actual numbers of caribou in 
Maine at any time in the past. 

Reasons for the decline in numbers.—The following 5 reasons for the absence 
of caribou have been mentioned in the literature or suggested to me in letters 
from wardens, old hunters, and other observers: (1) the great increase in 
the deer population produced a food shortage that caused the caribou to 
leave; (2) the food supply, for some unknown reason, suddenly vanished and 
the caribou moved eastward to New Brunswick; (3) the caribou migrated, 
temporarily, to New Brunswick, but will return in due time; (4) the caribou 
were shot at all seasons and could not stand the drain on their numbers; 
and (5) increasing occupation of the land in conjunction with lumbering, 
extensive forest fires, and overshooting, exterminated them. The last reason 
given is undoubtedly the most nearly correct. 


There seems to have been no direct relationship between deer and caribou, 
but rather an indirect one; as the timber was cut the deer found the second 
growth more to their liking, while the caribou were less favored by lumbering. 


That the food supply “suddenly vanished”, particularly over such a large 
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area as the northern half of Maine, is too obviously erroneous to need further 
comment. Little is known concerning the migrations of caribou in Maine. 
That a few late herds were reported to have travelled long distances would 
indicate that these animals were given to extended wandering. No general 
exodus in the direction of New Brunswick is sufficiently well established to be 
accepted unreservedly. As I am reliably informed that there have been no 
caribou in New Brunswick for at least 5 or 6 years, and as there are now none 
nearer Maine than the Gaspé Peninsula, it is unlikely, if caribou did migrate 
out of the state, that they will ever return over the intervening territory. 
This idea of a migration has been the subject of a number of written accounts, 
such as that of Elden (1927). The effects of hunting must have been very 
detrimental to the welfare of the caribou. The animals were given no pro- 
tection in Maine prior to 1870, and from then until 1873 the open season in- 
cluded the months of October, November, December, and January. The 
season was then shortened to the months of October, November, and De- 
cember, and remained thus until 1899, when hunting was prohibited, as it has 
been since that time. Until 1883 there was no bag limit; two animals could 
be taken each season from 1883 to 1894; and only one during each of the last 
4 years of open season 

\ really successful hunt in Maine in 1890, for ungulates only, would have 
yielded per person one bull moose, two caribou, and three deer. This was 
then the “bag limit At the present time the legal limit on ungulates is 
one deer (either sex) per person, except on those infrequent occasions when 
there is also a brief open season on bull moose. 

It might be pertinent at this point to mention some of the ideas of the 
Maine Indians concerning caribou. Judging by the number of legends and 
tales, told by the Penobscot Indians, in which the caribou is involved, this 
animal must formerly have been of great importance to them. The Penob- 
scot explanation for the absence of caribou is that the deer “polluted” the 
woods and thus drove their larger relatives away. The wolf, they also say, 
followed the caribou and will return when the caribou come back, if ever. 
It is interesting to note in this connection that wolves apparently did cease 
to occur in Maine shortly before the passing of the caribou, and that to date 
no report of a wolf in Maine since the turn of the century has proved to be 
reliable after thorough investigation 

There is authority for the report that the Penobscot Indians of Old Town, 
and the Malecite Indians of Tobique, on the Maine-Canadian border, be- 
came incensed at the excessive shooting of game in Maine by so-called 
“sports” and others, and agreed among themselves, sometime during the 
decade following 1900, that they would get their share of game while it lasted. 
For a number of years thereafter the Indians shot game wheneverand where- 
ever the opportunity presented itself. This apparently occurred too late to 
have any drastic effect on caribou, since few of these animals were then left 
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in the state, but this killing is said to have had a considerable effect on the 
moose population. In one of the reports of the Commissioners of Inland 
Fisheries and Game, however, caribou shooting by the Malecites of To- 
bique is said to have been an important factor in the decline of the caribou. 

Late records.—The following data, arranged chronologically, are gleaned 
from correspondence and published reports. 

Lore Rogers, in an account of the first winter ascent of Mt. Katahdin 
(Forest and Stream, vol. 38, 1892, p. 395), recorded that 18 caribou were 
counted on the Katahdin tableland on February 8, 1892. 

C. F. Jackson (1922, p. 14) mentioned an unconfirmed report of caribou in 
New Hampshire. He also referred to mention in “Recreation” (1896, p. 
140) that a caribou was taken in 1893 at Houlton, Maine, and that tracks 
were seen there as late as 1896. 

Warden Raymond L. Morse, of Ellsworth, sent me the details regarding 
the taking of a caribou on November 5, 1894, at Reed’s Brook, the outlet of 
Green Lake. This is a short distance above Ellsworth in southern Hancock 
County. After the animal was killed it was sold and placed on display at 
the market owned by Arthur Shute of Ellsworth. This is the southern- 
most occurrence of caribou in Maine after 1890 on which I have accurate 
information. 

Mr. Lebana Porter, fire guard on Burnt Mountain, told Arthur Stupka 
that he saw his last caribou on Mount Chase, near Patten, about 1897. 

EK. 8. C. Smith (1926, p. 495) mentioned the following interesting fact: 
“So far as is known, the last caribou shot on Katahdin was a young bull 
bagged on the saddle by the late Dr. Charles Dennison Smith, of Portland, 
Maine, the head of which is preserved in the museum of the Portland Society 
of Natural History. This animal was killed in October, 1898, . . .” 

While this animal was probably the last one to be taken on Katahdin, the 
last caribou taken legally anywhere in the state, as far as I have been able 
to ascertain, was one secured at Square Lake, Aroostook County, on Decem- 
ber 10, 1898, by Miss Cornelia T. Crosby of Phillips, Maine. It was shot 
from a herd of 9 animals. The head, which is of approximately the same size 
as the Katahdin head last mentioned, is now in Miss Crosby’s possession. 

Another caribou was killed in Aroostook County sometime during the year 
1898 by Frank Currier of Oxbow, Maine, according to information received 
from warden D. H. Franck of Oxbow. 

Mr. Arthur Stupka informed me by letter that 6 caribou were seen near 
Harrow Lake, below Churchill, Maine, in the Burnt Dam Bogs region in the 
fall of 1901 by a party of 4 men, one of whom was Francis Stanislaus of Lin- 
coln, Maine. According to Mr. Stanislaus, at least 3 of the animals were 
females and one was a male. 


Warden Fred Roberts of Greenville has sent me several records for the 
Moosehead Lake region, but none of them is later than 1901. 
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Warden Levi Dow of Fort Kent, on the Saint John River, Maine-Canadian 
border in Aroostook County, stated that there seems to be no foundation in 
any report of the presence of caribou in his section since 1903. In the spring 
of that year a female caribou was found in a weakened condition and was 
taken to a lumbering camp, where she was kept for several weeks before she 
died. Three years earlier, in 1900, another caribou was taken on Knowles 
Brook, a tributary of the Saint John River. 

According to Arthur Stupka, Alex Rossignol of Togue Pond Camps saw a 
herd of 84 caribou on the Katahdin tableland a few years before the Spanish- 
American war; the same observer saw two caribou on Katahdin on October 
2, 1904. 

John Cushman of Lincoln, Maine, is said to have seen 68 of these animals 
at the same place in October of the same year. 

Dr. G. M. Allen (1904, p. 8) gave the range of caribou in Maine as south 
to Grafton, while the second edition of Stone and Cram’s ‘American Animals’”’ 
(1904, p. 48) included Maine in the range of this animal. 

In the October, 1905, issue of The Maine Sportsman there is mention of a 
herd of caribou seen on Mt. Katahdin in September, 1905. 

B. H. Dutcher, writing on the mammals of Mt. Katahdin in 1903, stated 
(p. 65) that the caribou was then an animal of the past in the Katahdin 
region. In this report, based on field work done at the mountain between 
July 10 and September 5, 1902, Dutcher mentioned two migrations of cari- 
bou from northern Maine, the second of which is said by him to have occurred 
about 6 years earlier. He saw none during his visit to the region and con- 
cluded that their absence was at least partly due to wanton destruction. 

In spite of Dutcher’s unfavorable report, however, the caribou did appear 
again on Mt. Katahdin, for 7 were seen there on February 8, 1905. Two of 
these animals were photographed by Professor Roland B. Dixon of Cam- 
bridge, Massachusetts, and Mr. Sinclair Kennedy of Patterson, New York. 
These pictures were published with an article by E. 8. C. Smith in Appalachia, 
1926. Smith also referred to items by Ellicott, Orr, and Wolfe, that are 
included in the present list of literature cited. 

John Cushman, of Lincoln, Maine, told Arthur Stupka that he saw 20 
or 25 caribou on Katahdin in 1906. 

The year 1908 appears to be the last during which caribou were reported 
for Katahdin. Lorenz (1917, p. 44) stated briefly that they were seen there 
during that year, while Ellicott mentioned them in a note in Forest and 
Stream (1908, p. 58). The latter author made a trip to the Maine woods in 
October, 1908, and recorded that 14 caribou were said to have been seen 
near the top of the mountain, and that guides and sportsmen were glad to 
have them back after years of absence. 

Of the many reports on the occurrence of caribou in Maine since 1908, at 
least the majority of them are of a very questionable nature. Except for 
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a report (which is to be viewed with scepticism) of a single animal said to 
have been seen on the eastern shore of Eagle Lake in early November, 1913, 
I feel that records in my possession of caribou in Maine after 1910 are not 
worth serious consideration. Furthermore, I have not succeeded in locating 
corroborative evidence to support the statement by Austin (1915), or the 
anonymous report (1914), both of which are quoted by Seton (1929, vol. 3, 
part 1, p. 59), or any evidence to support the statements made by George 
G. Goodwin (1936, p. 48). Goodwin’s paper seems to be based almost en- 
tirely on earlier published reports, such as that of McNulty (1928). 

Again it might be well to mention that none of the wardens nor any of my 
correspondents (with one exception) has considered as reliable any of the 
reports dating later than about 1908. 

The future outlook.—With continued settling of the state and the resultant 
increasing accessibility of what were formerly rarely-visited areas, there is 
apparently no hope that caribou would long survive in Maine if they wer 
introduced from elsewhere. The animals, if present, would be constantly 
forced to be on the move. Apparently they are much less adaptable to 
changing conditions than are deer, which have greatly increased in numbers. 

At one time there was some consideration given to the possibility of stock- 
ing the Katahdin region with caribou or reindeer from elsewhere (see Orr, 
1923). Avery (1937, p 241) is the most recent one to mention in print that 
caribou might be brought back and maintained on the mountain. The 
idea of restocking Maine with caribou has never been tried and was appar- 
ently given up at the time Orr wrote his article, either because there was too 
much opposition or because the same plan had been tried in Michigan and 
elsewhere. These ventures had resulted in failure. 

The writer is indebted to Mr. C. M. Aldous of the Wildlife Conservation 
Department of the University of Maine for permission to use the data con- 
tained in the big-game questionnaire, and for critically reading the manu- 
script; to Mr. Arthur H. Norton of the Portland Society of Natural History 
ior bibliographical assistance and for a number of suggestions; to Mr. Arthur 
Stupka of the National Park Service, Great Smoky Mountains National 
Park, for several reports and suggestions; to Mr. Archer L. Grover of the 
Department of Inland Fisheries and Game for information from the reports 
of the Commissioners; and to many correspondents who have supplied use- 
ful data. 
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NOTES ON THE PATAGONIAN SEALION 
By Frep G. BRANDENBURG 


While engaged in securing specimens for habitat groups for The Colorado 
Museum of Natural History, I had the opportunity of observing the Pata- 
gonian sealion (Otaria byroni) in its native habitat. The colony, of about 
1500 individuals, was situated on the eastern coast of Patagonia near the 
town of Santa Cruz. Formerly abundant along the eastern coast and off- 
shore islands of South America to Tierra del Fuego and beyond, their range 
now is greatly restricted. We made our camp a short distance from the 
colony, near a spring that flowed into the ocean. From there we had access 
to both the seashore and the inland collecting grounds. 

Guanaco, the Darwin rhea, and occasionally a mountain lion, were found 
along the ridges and on the mesas in the vicinity of the sealion colony. At 
the northern end of the colony, hundreds of cormorants, of four species, 
made their home on the rocky cliffs that bordered the sea. Magellan gulls 
were numerous and were always in attendance at the colony as scavengers. 
A group of 12 oyster-catchers stayed in the background and was seen in the 
same place daily. Several albatrosses made regular trips along the beach 
every evening, picking up food at the very edge of the water. Cape pigeons 
(Daption capensis) were seen on several occasions flying low over the water. 

The Patagonian sealion is about one-third smaller than the Steller sealion, 
and like the latter, is polygamous, each male having a number of females in 
his harem. The females were about half the size of the males, while the larg- 
est of the pups were about half grown at that time, March 19, 1925. 

On our first trips to the sealion colony, the entire herd rushed into the 
water and swam about, their heads bobbing above the surface while watch- 
ing us. When we approached we were reminded of the odors and noises of a 
large herd of hogs. The odor varied, depending on the breeze, but the noise 
was incessant, except in the late afternoon when the herd became more 
quiet. 

During our stay the sealions became accustomed to our presence to a cer- 
tain degree. Instead of rushing madly into the water at our approach, as 
they did at first, they would retreat to the water’s edge and eye us with 
reproach. 

There seemed to be no regular time for feeding, as individuals left the 
rookery at all hours. Sometimes the whole herd remained in the water the 
entire day, not returning to the colony until after dark. From our vantage 
point on the cliffs they could be seen feeding and swimming. Apparently 
they enjoyed swimming, especially the younger ones, for they chased each 
other through the water as though playing some sort of aquatic tag. It 


hardly seemed possible that these graceful creatures in the water were the 
same slow, lumbering fellows that composed the herd on the beach. 
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At the northern end of the beach the cliffs rose directly from the water 
and a small herd of sealions always could be found perched on the rocky 
face. Some would climb nearly to the top and find precarious positions in 
which to sleep. When we suddenly appeared on top of the cliff they let 
go all holds and fell and scrambled into the water. By approaching and then 
rising slowly into sight, we were able to take pictures without precipitating 
a sealion landslide. 

If the government continues to protect the sealions there is no reason why 
they should not increase. Their natural enemies are few, the Patagonian 
mountain lion being the only carnivore that preys on them. We found 
remains of young sea lions in a cave where a mountain lion was later trapped, 
and lion tracks were in evidence at the colony on the beach. 


The Colorado Museum of Natural History, Denver, Colorad 
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THE RELATIONSHIPS OF THE OKAPI 
By Epwin H. Co.LBert 


The discovery of the okapi—one of the most exciting events in the history 


of modern mammalogy— inevitably led to the publication of a series of papers 


in which various authorities expressed their individual and often divergent 
opinions as to the anatomical, taxonomic, and phylogenetic relationships of 
this animal. When the okapi was first discovered some zoologists were in- 
clined to regard it as a sort of “degenerate giraffe’, a view that was soon dis- 
pelled by the detailed studies of Lankester, Forsyth Major, Fraipont, and 
tothschild and Neuville. These authors, working more or less independently 
of each other, agreed in a general way that the okapi is a rather primitive 
girafiid, related to the fossil genera Palaeotraqus and Samotherium. 

Recently, Bohlin (1927, 1935) has argued that the okapi, although primi- 
tive in many respects, deserves to be separated from the palaeotragine giraffes 
and placed in a subfamily by itself. Bohlin’s views have been questioned by 
Matthew (1929) and by the present author (1935), but in neither of these 
eases have detailed arguments been presented to support the conclusions 
reached, although the present author did set forth a rather general account 
as to why the okapi might be considered as a persistent palaecotragine giraffid. 

The purpose of this paper is to discuss in some detail the problem of the 
relationships of the okapi, by comparing this genus with other genera of 
living and extinct giraffids 


I wish to acknowledge the aid that I have received from Professor Bohlin 
in the form of numerous enlightening letters giving his views as to the evo- 
lutionary development of the giraffes, as well as for a series of drawings of 
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vertebrae in the Upsala collection. The illustrations were made by Mr. C. 
N. Astori. 

Several authors have divided the family Giraffidae into subfamilies, the 
more recent attempts along this line having been made by Bohlin (1927), 
Arambourg and Piveteau (1929), Matthew (1929), and Colbert (1935). 
The different taxonomic schemes of these authors may be compared as follows 


BOHLIN | ARAMBOURG AND PIVETEAT MATTHEW, COLBERT 
Giraffidae Giraffidae Giraffidae 
Palaeotraginae Palaeotraginae Palaeotraginae 
Giraffinae Giraffinae Giraffinae 
Okapiinae Okapinae [sic] 

Sivatheriinae Helladotheriinae Sivatheriinas 


(Progiraffinae) 


Whatever plan is used for the division of the family Giraffidae, the follow- 
ing characteristic types are recognizable. 

1. The generally primitive, medium-sized giraffes, characterized by limbs 
and neck of approximately normal length, and in most cases by a single pair 
of supraorbital, frontal, spike-like horns. These are the palaeotragines, and 
include such genera as Palaeotragus, Samotherium, Giraffokeryx and possibly 
Okapia. Bohlin separates this last genus on the basis of certain characters 
in the skull and dentition, placing it in a subfamily by itself. 

2. The large giraffes with greatly elongated legs and neck, a highly special- 
ized skull, and horns that are simple, truncated spikes variously located on 
the skull roof. Usually there is a dominant pair over the fronto-parietal 
suture. Most characteristic of this group is, of course, the modern Giraffa; 
other genera referred to it are Orasius and Honanotherium. 

3. The gigantic, ox-like giraffes, with short legs and neck, and with heavy 
broad skull surmounted by highly developed horns. Usually there are two 
pairs of these horns, on the frontals and on the parietals. In this group are 
such genera as Sivatherium, Bramatherium, Hydaspitherium and Hellado- 
thertum. 

With this brief survey as a basis, we may now turn to a detailed considera- 
tion of the okapi, emphasizing particularly its comparisons with other genera 
of giraffes. Since most of the comparisons are of necessity to be made with 


fossil forms, they will be based on osteological characters. Resemblances 
and differences between the okapi and other giraffids will have to do with 
(1) the general proportions of the body, (2) the osteological characters of the 
skull and mandible, (3) the dentition, and (4) certain diagnostic features of 
the skeleton. 

1. General Proportions of the Body.—In body form the okapi is very much like 
other large ruminants. The fore and hind limbs have the usual ungulate 
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relationship to each other, so that the back is approximately level and not 
sloping. The limbs are somewhat elongated, more so than in most pecorans 
other than the Giraffidae, but not to any unusual degree; thus the propor- 
tions between the length of the limbs and the length of the dorso-lumbar 
portion of the vertebral column are in a general way similar to the propor- 
tions in some of the antelopes, such as Hippotragus or Boselaphus. The 
neck is elongated, as a coérdinate adaptation to the lengthening of the 
limbs. 

It might be well to mention here the fact that in Helladotherium, a primi- 
tive member of the Sivatheriinae, the body proportions are similar to those 
of Okapia, whereas in Palaeotragus, generally considered as a primitive palaeo- 
tragine, the limbs and neck are proportionately longer than they are in the 
okapi. Thus it is evident that the okapi is distinguished by its generalized 
ruminant-like body proportions, (retained in Helladotherium and other 
Sivatheriinae) and consequently it would seem that the modern genus 
approaches in this respect the primitive bovid-giraffid-cervid heritage. 

The question of comparative limb lengths will be discussed in detail in a 
subsequent portion of this paper. 

4 Osteological Characters of the Skull and Mandible.—One of the most 
noticeable things about the skull of the okapi is its general resemblance to 
the skulls of Palaeotragus and Samotherium. It is long and rather low, as in 
these fossil genera, and like them the horn cores are in the shape of simple 
tines placed in a supraorbital position. Certain differences are apparent in 
the position of the orbit. In the okapi the orbit is centrally located, its 
anterior border being above the first molar. The distance from the front 
border of the orbit to the tips of the premaxillaries is approximately equal to 
the distance between this same point on the orbit and the posterior border 
of the occipital condyles. In Palaeotragus the front border of the orbit is 
above the last molar and in Samotherium it is either above or behind the last 
molar, thus making the preorbital portion of the skulls in these genera rela- 
tively long as compared to the postorbital portion. In Giraffa the anterior 
edge of the orbit is above the second molar and the preorbital portion of the 
skull is appreciably longer than the postorbital region. The central position 
of the orbit in the okapi is certainly a persistent primitive heritage charac- 
ter. Palaeotragus, the earliest giraffid of which we have any adequate 
knowledge, is in this respect less primitive than Okapia [b, e of fig. 1]. 

In this connection it might be remarked that the parietal region of the 
okapi is relatively longer than is the case in Palaeotragus, Samotherium, 
Giraffa and other less closely related genera except perhaps Helladotherium. 
Palaeotragus comes nearer to Okapia in the relative length of its parietal 
region than do any of the other Palaeotraginae, but even so there is a de- 
cided difference between the two genera. 

Looking at the front of the skull, it is seen that the diastema between 
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the anterior premolar and the tips of the premaxillaries (or the incisors in 
the mandible) is considerably shorter in Okapia than it is in the Palaeotragus 
from North China (P. microdon). On the other hand, when the okapi is 
compared with some of the other members of the Palaeotraginae, such as 
Samotherium or Palaeotragus tungurensis (recently described by Colbert, 
Amer. Mus. Novitates, no. 874, 1936), the diastema of the modern genus is 
seen to be somewhat longer than it is in these extinct forms. As to the 
other subfamilies of the Giraffidae, it may be noted that the diastema in 
Giraffa is of a length more or less comparable to the diastema in Okapia, 
while in the large, brachycephalic Sivatheriinae the diastema is probably 


TABLE 
A comparison of selected skull characters in certain Giraffidac (See also Figure 1) 
CEAPIA canane ‘ane 7 og | ERATE 
a. Angle between basipalatal and basicranial 1 6 13° 16 17° 
axes 
b. Angle between basipalatal axis and line con 82 69 §2 17 rs lg 
necting anterior edge of orbit with anterior 
border of M! 
ce. Angle between basipalatal axis and axis of 39 71 50 16, 63 
horn core 
d. Angle between basipalatal axis and superior 17 10 13 14 31 
border of nasals 
e. Ratio of preorbital to postorbital lengt} 104 140 133 183 140 
(Postorbital length = 100) 
f. Ratio of incisor-premolar length to premolar 129 153 131 112 138 
molar length. (Premolar-molar length 
100) 
g. Ratio of height of maxilla to premolar 105 94 93 75 130 


molar length. (Premolar-molar length 
100) 


relatively shorter than is the case in the okapi. Here are varying trends in 
the phylogenetic development of a certain feature within a single family, 
and even within a single subfamily. In the very primitive palaeotragines 
the elongation of the bones anterior to the second premolars has not advanced 
very far, whereas in some of the more progressive small palaeotragines there 


has been a considerable amount of elongation. At the same time, in the 
very large, progressive palaeotragines (Samotherium), these portions of the 
skull and jaw have not lengthened as have the other parts of the head. Thus 
there has been a differential growth in the various sections of the skull in a 
single subfamily, probably governed by certain mechanical limitations. 
In Giraffa, in spite of the many specializations of the skull, it would seem 
probable that the diastema has not lengthened much beyond the condition 
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typical of the more primitive palaeotragines. In the large Sivatheriinae, 
on the other hand, it would seem evident that the face is relatively short, a 
habitus character dependent on the brachycephalic development of the skull 
[f of fig. 1). 

Thus it would seem that the okapi is more primitive than Palaeotragus 
and Samotherium in the relatively long parietal region, and to some extent 
in the relatively short diastema, characters that may be correlated with the 
primitive central position of the orbit. In the first of these characters it is 
also more primitive than other less closely related giraffids, in which the 
orbit has moved to the rear, causing a shortening of the postorbital portion 
of the skull, while in the second character, the length of the diastema, it is 
comparable to Giraffa but more primitive than the large Sivatheriinae, in 
which the face is secondarily shortened 

Turning now to a consideration of the horn cores, it is seen that there are 
strong resemblances, as well as certain well-marked differences, between the 
okapi and other genera of Palaeotraginae. The genera constituting the 
Giraffinae and the Sivatheriinae need not be considered in a discussion of 
horn core development, because in them the horn cores are for the most 
part so obviously highly specialized that they are beyond the scope of the 
present argument (In one genus of Giraffinae, Orasius, the horn cores 
occupy a somewhat primitive supra-orbital position. Otherwise, however, 
they are developed in a way similar to the large horns of Giraffa.) 

In all of the Palaeotraginae and in Okapia the horn cores are located on the 
frontal bones in a more or less supraorbital position. Palaeotragus is prob- 
ably the most primitive of the giraffids in this respect, for in this genus the 
horn cores are long, straight and slender, placed almost immediately above 
the eye and, as seen from the side, are vertically directed. In Samotherium 
the horn cores are similar to those of Palaeotragus, but are slightly more pos- 
terior in position. In Giraffokeryx the horn cores homologous with those 
of Palaeotragus are even more posterior in position. In all of these genera 
they are more or less laterally inclined. The horn cores of the okapi, in con- 
trast to those of the genera just considered, are short and curved, directed 
posteriorly, as seen from the side, and vertically as seen from in front. Al- 
though they are supraorbital in position, they are raised above the eyes on 
“‘bosses’”’, and concomitantly they are situated away from the supraorbital 
border, toward the midline of the skull [c of fig. 1]. 

Various authors have suggested that the horn cores of the okapi might be 
degenerate. Lankester (1907) thought that he had found evidence of rudi- 
mentary antlers in the okapi. Fraipont (1908) has shown that the supposed 
antler tips may be explained by the fact that constant rubbing causes the 
tips of the horn cores to become hardened and polished. Thus it is evident 
that the horn cores of the okapi, like those of the giraffe are covered only by 
skin. And it would seem that such was probably the case in the fossil Pal- 
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Fig. 1. (1A and 1B).—Diagram to compare characters in the skull of certain Giraffi- 
dae. 1A. Reading from top: Giraffokeryx punjabiensis, Palaeotragus microdon, Okapia 
johnstoni. 1B. Reading from top: Samotherium sinense, Giraffa camelopardalis. 

a. Angular relationship between the basipalatal and basicranial axes. b. Position 
of the anterior border of the orbit in relation to the anterior edge of the first upper molar. 
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c. Angular relationships between the axis of the supraorbital horn core and the basi- 
palatal axis. d. Bending down of the nasals, in relation to the basipalatal axis. e. Ratio 
of the preorbital to the postorbital length. (Postorbital length = 100). j. Ratio of 
incisor-premolar length to premolar-molar length. (Premolar-molar length = 100). 


g. Height of maxilla as compared to the premolar-molar length. (Premolar-molar length 


= 100). All figures to scale, one-eighth natural size. Figures adapted from Colbert, 


Bohlin and Fraipont. 


53 








54 JOURNAL OF MAMMALOGY 


aeotraginae. Although this point cannot be definitely settled, it would seem 
probable, by reason of the several primitive characters in the okapi skull and 
by the seeming correspondence between the horn cores of the okapi and 
other Palaeotraginae, that the okapi’s horn cores are truly primitively small 
and not degenerate. 

In this connection it might be well to mention the conclusions of Roth- 
schild and Neuville regarding the horn cores in the okapi and in the giraffe. 
These authors found that in the okapi and in the young giraffe there are 
terminal osseous swellings on the horn cores, the structures that Lankester 
thought might be indicative of rudimentary antlers. Rothschild and Neu- 
ville maintain that these swollen tips are of little consequence, since they are 
not found in the young okapi, and since they seem to be superficially attached 
to the horn cores. On the other hand, the tips of the horn cores in the adult 
giraffe are rythmically denuded, which is an indication, according to these 
authors, of a regular growth and death of organic material comparable to 
the growth and shedding of the antlers in the Cervidae. Furthermore, the 
structure of the horn core of Palaeotragus is intermediate between the struc- 
ture of the antlers in the cervids and of the horn cores in the giraffids. Be- 
cause of these considerations, Rothschild and Neuville decided that the 
giraffes are more closely related to the cervids than to other ruminants, and 
that Palaeotragus is a sort of primitive, intermediate form, set somewhat 
apart from the other giraffids. 

The curving of the horn cores in the okapi, and their backward inclina- 
tion, are probably characters of minor importance. 

Of more importance is the position of the horn cores on bosses and their 
migration toward the median line of the skull in the okapi. In these last 
characters the okapi is certainly quite different from the fossil palaeotragines, 
in which the horn cores are located directly over the supraorbital border. 
The position of the horn cores at some distance above the orbits and toward 
the median line of the skull in the okapi is due to the development of large 
frontal sinuses in this animal. Bohlin has clearly shown that with the in- 
crease in size of the frontal sinuses, the horn cores are forced away from their 
primitive position immediately over the eyes and are caused to migrate to- 
ward the midline of the skull. A similar development is to be seen in the 
skull of Giraffa. 

The question here is this: Are the raised, medially placed horn cores of the 
okapi genetically related to the similarly placed horn cores in the giraffe, or is 
this development in the two genera due to parallelism? A careful examina- 
tion of the skulls of Okapia and Giraffa, and a comparison of these skulls with 
skulls of other genera would seem to lend weight to the view that any simi- 
larity in horn core placement may be explained by parallel development. 

In the okapi there are large frontal sinuses anterior to the brain and above 
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the ethmoturbinals, and on the protuberance caused by this frontal expansion 
the horn cores are placed. On the other hand, in Giraffa there are extremely 
large fronto-parietal sinuses not only above the turbinals and in front of the 
brain, but also above the brain and extending to the occiput. It is on the 
fronto-parietal region of the expanded skull roof, above the brain, that the 
giraffe’s horn cores are located. In view of the many other characters 
whereby the giraffe skull shows wide structural differences from the skull of 
the okapi, it would seem probable that the raised horn cores in these two 
genera were independently acquired, the latter from an ancestral Palaeotragus 
and the former from an ancestral Orasius. 

In connection with the development of large sinus cavities in the frontals 
of Okapia and the shifting of the horns toward the midline of the skull, there 
must be mentioned the fact that the frontals are relatively narrow in this 
genus. Bohlin has argued that the narrowness of the frontals in the okapi, 
together with the development of the sinuses and the shifting of the horn 
cores, constitute a series of correlated characters that help to separate this 
genus from the fossil Palaeotraginae. In addition he has compared the nar- 
row frontals in the okapi with the similarly narrow frontals in the female 
sivatheriines as a proof that the modern genus is probably as distinctly re- 
moved from the fossil palaeotragines as are the sivatheriines. In an earlier 
paper (Colbert, 1935, p. 6) I have argued that the narrow frontals in the okapi 
are primitive and have persisted in this genus, and that the pneumaticity of 
the skull roof and the consequent shift in the position of the horn cores are 
secondary characters that have been molded over an essentially primitive 
condition. 

Whether the frontals of the okapi are primitively narrow, as I have argued, 
or secondarily narrowed, as Bohlin thinks, is a very difficult question to 
answer. It is certainly a fact that in the earliest palaeotragines the frontals 
are broad, so the assumption might be made that this is the primitive con- 
dition for the giraffids. On the other hand, we know definitely that a narrow 
skull is a primitive ruminant character, for it may be seen in such admittedly 
primitive forms as Archaeomeryx and the Traguloidea. Then again, the 
narrow skull in the Sivatheriinae may be taken either as the persistence of a 
primitive trait (which would be correlative with other primitive characters 
in this subfamily, such as the body form, length of limbs, and structure of 
the vertebrae) or as a secondary specialization. 

Thus the status of the narrow frontals in the okapi still remains unsettled. 
Valid arguments may be advanced for either interpretation; namely, that of a 
persistent primitive character or that of a secondary specialization. For 
this reason the width of the frontals is not cited in this present paper as an 
argument in either direction as to the relationships of Okapia. 

In the okapi there are very large palatine sinuses, a character not to be 
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seen in any of the other giraffidae. This is clearly an independent specializa- 
tion in the okapi, which like the other specialized characters in this genus, 
has arisen during the long period of its geographical and ecological isolation. 

There might be mentioned, too, the nasal protuberance in the okapi, 
caused by the extension of the frontal sinuses forward, under the posterior 
portion of the nasal bones. In this respect the okapi shows some similarity 
to Giraffa, but whether, as in the case of the frontal sinuses, this character 
denotes any real relationship between the two genera, or rather parallel 
specializations of a similar kind, is a question open to some argument. Ac- 
cording to the discussion in preceding paragraphs of this paper, the nasal 
protuberance in the okapi would be directly connected with the development 
of the supraorbital swellings, which in turn are supposed to be very probably 
explainable by parallelism with the frontal swellings in Giraffa {d, g of fig. 1). 

The basicranial and basipalatal axes are approximately parallel in the okapi, 
a primitive ruminant feature whereby this genus resembles Palaeotragus. 
In the giraffe, on the other hand, there is a decided angle between these two 
axes, an indication of the specialized development of this latter form. In 
this connection it might be noted that the premaxillaries of the okapi are 
horizontal as in Palaeotragus and Samotherium, whereas the premaxillaries of 
the giraffe are sharply downturned [a. of fig. 1]. 

The auditory bullae of the okapi are very large, in which respect this ani- 
mal differs rot only from some of the fossil Palaeotraginae and also from 
Giraffa, but resembles to some extent such palaeotragines as Giraffokeryx 
and some of the Sivatheriinae such as Bramatherium. It is quite obvious, 
however, that the very large bulla in the okapi is an adaptation in response 
to the necessity for a very acute sense of hearing. And according to the 
studies of Rothschild and Neuville this adaptation is primitive among the 
Giraffidae. They have found that in the young giraffe the bulla is quite 
large, but that it becomes relatively smaller as the animal approaches 
maturity. Thus it would seem that the primitive giraffids, such as the 
okapi, lived in dense forests where there was a need for an acute sense of 
hearing. As the different phylogenetic lines of the Giraffidae evolved, an 
evolution involving for the most part a change of habitat from forest to plains 
environments, the emphasis in the perceptive senses was changed from hear- 
ing to sight. Therefore the bulla became smaller in the more advanced, 
plains-living giraffids. 

The great degree of convexity of the lower mandibular border, cited by 
Forsyth Major as a character supposedly common to the okapi and Palaeo- 
tragus, would not seem to be of real, diagnostic importance. In the okapi, 
having horizontal premaxillaries, but with large palatine sinuses that cause 
the upper cheek teeth to occupy a relatively low position, the anterior por- 
tion of the mandible is necessarily turned up to meet the premaxillaries. In 
the giraffe, having downturned premaxillaries, the anterior portion of the 
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mandible is relatively straight. But then in Palaeotragus and Giraffokeryz, 
both genera having horizontal premaxillaries, the anterior portion of the 
mandible is also horizontal because in these genera the palatine sinuses are 
not large as in the okapi and consequently the upper teeth are not so low. 
8. Dentition.—In the okapi the lower incisors and canines are relatively 
quite small, whereas in Palaeotragus, Samotherium and Giraffokeryx these 
teeth are moderately large. Since the incisors and canines of other giraffids 
and of primitive deer and bovids are elongated and relatively larger than is 
the case in Okapia, it becomes apparent that these teeth have been second- 
arily reduced in the okapi. 

The cheek teeth of the okapi are very brachyodont, with coarsely rugose 
enamel. The cheek teeth of Giraffokeryx are also brachyodont, but much 
less so than those of the okapi, and have rugose enamel, while in Samotherium 
and Palaeotragus the cheek teeth are more and more hypsodont with finer 
enamel rugosities, these conditions being most strongly marked in the latter 
named genus. There is no reason to think that the brachyodonty of Okapia 
is other than a retained primitive character, for in view of the general trend 
of tooth development in the Giraffidae and in the ruminants in general it 
would be extraordinarily surprising to suppose that the cheek teeth in the 
okapi had been secondarily lowered from ancestral high-crowned forms. In 
this respect the okapi may be regarded as having retained a primitive char- 
acter that has been more or less progressively modified in the other palaeo- 
tragines. It must be noted here that the cheek teeth in Giraffa are also 
very brachyodont, and very rugose. Whether the brachyodonty and 
rugosity of the teeth in these two genera is to be attributed to a direct 
genetic relationship, as Bohlin suggested, or to the retention of a common 
heritage character from a common ancestral form, as I think, is a question 
that cannot be settled on the basis of the present evidence. Of course the 
enamel rugosity in the okapi is a more or less advanced giraffid character that 
has not been developed in Palaeotragus. 

Bohlin has placed especial emphasis on the fact that the second upper 
deciduous molar in the fossil Palaeotraginae has a well developed external 
cingulum, while this structure is not to be found on the corresponding tooth 
of the okapi. This is a real difference, that sets the okapi apart from all of 
the fossil Palaeotraginae (and from the Sivatheriinae, for that matter) and 
links it with the Giraffinae. One may ask, however, whether this one 
character in the milk molar should outweigh other larger characters, whereby 
the okapi resembles the Palaeotraginae. In dealing with single, isolated 
characters in the giraffids, various and often curious combinations of genera 
are evident, supposing that genera may be grouped on the basis of these 
single characters. 

4. Osteological Characters of the Post-Cranial Skeleton.—It was mentioned 
in Part 1 of this discussion (General Proportions of the Body) that the body 
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form of the okapi is similar to the body form in other large ruminants, that 
is, the limbs and the neck are not unusually elongated and the back is level. 
The skeleton of the okapi will now be discussed in some detail, and com- 
parisons will be made between it and the skeleton in other giraffids and in 
certain ruminants. 

a. The Axial Skeleton.—In 1908, Sir Ray Lankester published a paper 
(Proc. Zool. Soc. London) in which he pointed out the fact that the cervical 
vertebrae of the okapi are more nearly like those of the ox (Bos taurus) than 
they are like the cervicals of the giraffe. He stressed especially the fact that 
in the okapi there are lateral and median articular facets between the last 
cervical and the first dorsal vertebrae, indicative of the transition from the 
cervical to the dorsal series, whereas in the giraffe this transition comes 
between the first and second dorsals. In the normal ruminants the last 
cervical vertebra has posterior-lateral facets, whereas the first dorsal has 
posterior-median facets; thus the transition is between the last cervical and 
first dorsal as in the okapi. 

Turning to Lankester’s first comparison, that between the general form 
of the vertebrae, as being truly indicative of genetic relationships, a number 
of interesting facts become evident. These will be set forth below. Unfor- 
tunately, the vertebral series is incompletely known for most of the fossil 
giraffes, so many of the observations must needs be made on fragmentary 
material. 

In the okapi the cervical vertebrae are not appreciably elongated, as in the 
giraffe, but rather are of the same general proportions and form as the cervi- 
cals of a normal ruminant. That is, the centra are short anteroposteriorly, 
the neural spines are long, the inferior transverse processes are large, particu- 
larly in the sixth cervical where they form great, downwardly-produced 
flanges (but in the seventh cervical they are entirely absent), and the superior 
transverse processes are also large, particularly so in the last cervical vertebra 
This is exactly the set of conditions that holds in a normal ruminant, such 
as Bos. In the giraffe, on the other hand, the neural spines are short, the 
centra of the cervical vertebrae are greatly elongated, the inferior transverse 
processes are small and confined to the anterior portion of the vertebra, even 
in the sixth member of the series, while the same holds true for the seventh 
cervical, and in all of the vertebrae, even the seventh, the superior transverse 
processes are small. Thus it is seen that in the cervical vertebrae, Giraffa 
shows a decided departure from Okapia, and likewise from the normal rumi- 
nant, due to the great elongation in this portion of the body. In the okapi 
and in the normal ruminant, the sixth cervical is set apart from the others 
in the series by reason of its large, flange-like inferior transverse processes, 
as was mentioned above, while due to the shortness of the centrum, the 
elongation of the neural spine, the enlargement of the superior transverse 
process, and the disappearance of the inferior transverse process in the seventh 
cervical, this last vertebra serves as a real structural transition between the 
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cervical and the dorsal series. Such is not the case in Giraffa, where all of 
the cervical vertebrae are elongated and similar to each other in form, so 
that the transition between the cervical and the dorsal series is indeed very 
abrupt, except in the development of the articular facets, mentioned above. 

Now it is an interesting fact that in Palaeotragus and Samotherium, genera 
that in body proportions and skull structure would seem to be closely related 
to the okapi (as shown in the preceding pages of this paper), the cervical 
vertebrae are elongated and structurally similar to the cervicals of Giraffa. 
In some respects the vertebrae of these two fossils are more primitive than 
the cervicals of Giraffa, since in the former the neural spines, zygapophyses, 
and transverse processes are somewhat heavier than the same structures in 
the giraffe. The differences are not great, however, so that for all practical 
purposes we may say that the cervicals of Palaeotragus, Samotherium and 
Giraffa are similar to each other. 

Why should this be so, when we know that the Palaeotraginae are geneti- 
cally distinct from Giraffinae? There may be two arguments advanced to 
explain this seeming anomaly. In the first place, as Matthew pointed out 
in 1929, none of the giraffes are separated from each other by very great dif- 
ferences, so even in different subfamilies one might expect to find many 
similarities of structure: “I do not in fact think that the Giraffidae are an 
old family, or that any of them are very wide apart in spite of the diversity 
of skull structure. The lack of diversity in tooth structure is, to my mind, 
not due so much to the lack of change in the teeth as to the rapidity of 
change in the skull, and the whole family derives from late Miocene palaeo- 
merycines, an antiquity decidedly less than most mammalian families” 
(Matthew, 1929). 

In the second place, since the palaeotragines are the most primitive of 
the Giraffidae, it is very probable that Giraffa has been derived from a palaeo- 
tragine ancestor, and thus it is possible that the separation of the giraffine 
group occurred at a time when the elongation of the neck had reached the 
stage that is typical of Palaeotragus or of Samotherium. 

Consequently Okapia, with its short, bovid-like neck, is representative of 
an essentially primitive stage in giraffid evolution, a stage less specialized 
than the typical Palaeotragus stage. 

In the Sivatheriinae (Sivatherium, Vishnutherium, Helladotherium, et al.) 
the cervical vertebrae are of the normal ruminant type, and thus are very 
similar to the cervicals of the okapi. Here we see the retention of an ances- 
tral trait in a group which did not depart, in this respect, from the primitive 
structural type. 

In this discussion of the neck region of the okapi, there might be mentioned 
the fact that the cervical vertebrae are extraordinarily massive as compared 
to the dorsal vertebrae, a character that sets the okapi apart from many other 
ruminants. 

The vertebrae of the dorsal and lumbar regions in the okapi are, generally 
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speaking, of the usual ruminant form. The neural spines of the dorso- 
lumbars are high, a common feature in the Pecora, and they are noteworthy 
because of their rather stout and heavy structure. Since the dorso-lumbars 
of the fossil palaeotragines are imperfectly known, it is not possible to make 
direct comparisons between them and the okapi. 

b. The Appendicular Skeleton.—In Okapzia the legs are not unduly length- 
ened, but maintain in relation to the length of the body about the usual 
pecoran proportions. Moreover, the hind legs are slightly longer than the 


Fic. 2. Charts showing comparative dimensions and ratios in the limb bones of cer- 
tain Giraffidae and a bovid 4. Dimensions of the fore and hind limbs in (left to right) 
Tragocerus amaltheus, Okapia, Palaeotragus, Samotherium, Helladotherium and Giraffa 


Numbers indicate articular lengths in millimeters. B. Ratios of the fore and hind limb 


bones shown in A of this figure The humerus and the femur are reduced to a constant 
(100 The numbers by the other limb elements indicate their respective ratios in terms 


of the constant (humerus or femur) 


front legs, as is common in the ruminants, and the back is level. In the fossil 
Palaeotraginae the limbs would seem to be somewhat elongated, but they 
maintain the generalized relationship of hind legs longer than front legs 

In the fossil Sivatheriinae the limbs are not elongated ‘in this respect they 
are closely comparable to the limbs in the okapi) but they are transversely 


broad, a development correlative with the increase in the size and weight 
of the body in the genera constituting this group. Otherwise, like the okapi, 
the Sivatheriinae are characterized by having the hind legs somewhat longer 
than the fore legs and with the back level. 
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In the Giraffinae, on the other hand, the legs are greatly elongated and 
the back slopes from front to rear. The sloping of the back in the giraffe 
is due partly to the fact that the front legs are longer than the hind legs and 
partly because the dorsal spines are very tall. The increase in length of the 
front legs over the hind legs in the giraffe is due to the general increment in 
length of the lower leg bones—the radius and metacarpals—which seem to 
have been elongated to a somewhat greater degree than were the correspond- 


ing lower bones of the hind limbs—the tibia and metatarsals. 





ie] 
i t 
Chart ywing comparative dimensions and ratios in the limb bones of cer- 
Giraffid and bovid C. Ce paris Ss I e lengt! I fore limb to hind limb 
in the 5 1 listed 1 1e preceding figure Numbers indicate total lengths in milli- 
eters. D. Ratios of the total lengths of fore limb to hind limb in the genera under 
onsideration. The fore limb in each case is reduced to a constant (100) The numbers 
bv the hind limbs indicate in each case their ratios to the constant 


The scapula is somewhat more elongated in (7 affa than it is in Okapia, 
and the same holds true for the pely is 

In the accompanying charts graphic pres¢ ntations of leg lengths and ratios 
in the Giraffidae are set forth. Certain points are worthy of attention. 

Taking Tragocerus amaltheus of the Lower Pliocene as a rather charac- 
teristic ruminant, it is seen that Okapia is very similar to it as regards the 
1 lower limb bones. Palaeotragus, however, 


proportions of the upper an 
seems to be more specialized in leg length than the okapi, because in the fossil 
form the legs are not only actually longer than is the case in the recent genus, 
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but also the lower leg bones are proportionately greater in length, as compared 
to the humerus, than they are in the okapi. It seems obvious, therefore, 
that the okapi is less specialized in its limb development than is Palaeotragus, 
a form generally considered as the most primitive of the giraffes. 

Samotherium carries the increase in lower leg development a step farther 
than does Palaeotragus, and of course the culmination is reached in Giraffa. 
It is an interesting fact, however, that in Helladotherium, a member of the 
the Sivatheriinae, the proportions of lower to upper leg lengths show a reversal 
of the general giraffid trend. That is, the lower portions of the limbs are 
proportionately shorter in this last-mentioned genus than they are even in 
the okapi, although the legs of Helladotherium are actually longer than the 
legs of the okapi. Here we see the effects of a separate evolutionary develop- 
ment as an adaptation to great size and weight. The legs of Helladotherium 
are long because the animal is large, but the proportions are those of a heavy 
animal in which the lower limb bones have become relatively short and wide 
as a response to the needs of supporting a massive body. 

Considering now the questions of comparative lengths and ratios of fore 
limbs to hind limbs, it is seen that in the bovid ruminant, such as Tragocerus, 
the hind legs are appreciably longer than the fore legs. The same holds 
true for other pecorans also, that is, the tragulids, cervids and antilocaprids. 
In Okapia, the fossil Palaeotraginae and the Sivatheriinae, this relationship 
still holds, but the differences between the front and hind limbs are much 
less than is the case in Tragocerus. Evidently, even in the more or less 
“normal” giraffids, the fore limb was beginning to elongate more rapidly 
than the hind limb. In Giraffa the fore limb is actually and proportionately 
longer than the hind limb—a reversal of the condition typical of the Palaeo- 
traginae and the Sivatheriinae. It is interesting to see how a slight supe- 
riority in the length of the fore limb over the hind limb results in a most 
pronounced slope of the back in the giraffe. 

However, there is one character of the limbs whereby the okapi shows a 
specialization that is not attained by any of the other giraffids. This is the 
fusion of certain bones in the tarsus. In the other genera of the Giraffidae, 
both fossil and recent, there are four tarsal bones, the caleaneum, astragalus, 
fused cuboid and navicular, and the ectocuneiform. In Okapia there are 
only three tarsal bones, due to the fact that the ectocuneiform is coalesced 
with the cuboid and navicular to form a single element. This is an independ- 
ent specialization, highly characteristic of the genus, and attained during the 
long period of its separate, isolated phylogenetic history. In this one respect 
the okapi has gone beyond any of the other giraffid genera, but this does not 
constitute a criterion of advanced phylogenetic development for the okapi. 
The fused tarsals must needs be regarded as a single, isolated specialization, 
showing an advancement in its own way but not in the least offsetting the 
numerous correlated characters that mark the okapi as an essentially primi- 
tive giraffe. 
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Except for this somewhat aberrant specialization in the tarsus of the okapi, 
the foot bones of this animal are closely comparable to the foot bones of 
Palaeotragus and of Samotherium. Rothschild and Neuville have found 
similarities between the phalanges of the okapi and those of the nilgai, of 
certain cervids and of the young giraffe. Resemblances to the nilgai may be 
ascribed to convergence, since both the nilgai and the okapi are similar to 
each other in size and weight, and to some extent in the relationships of 
lengths between fore and hind limbs. The cervids retain many primitive 
pecoran characters that might be expected to show to some extent in the 
okapi. Naturally close resemblance will be found between the phalanges 
of the young giraffe and the okapi. As has been mentioned in preceding 
paragraphs, all of the giraffids are closely related to each other, since the 
evolution of the group has been very rapid; consequently differences are 
often subtle between subfamilies and genera. 

Conclusions.—A detailed osteological study of Okapia, whereby it is 
compared with all of the other genera of Giraffidae, both living and fossil, 
and with other types of pecorans, shows that it is a truly primitive giraffid, 
in many ways more primitive than the earliest of the fossil giraffes. Gen- 
erally speaking, the okapi may be considered as a “living fossil’ that has 
persisted with but relatively few changes from the Upper Miocene period to 
the present day. Of course there are certain specializations in the okapi 
that separate it somewhat from the primitive habitus of the Giraffidae. 
Divergences such as these are to be expected in almost any modern mammal 
of a generally primitive type. On the whole, however, these specializations 
are greatly overshadowed by the many primitive characters that typify 
the okapi; therefore such departures from the primitive habitus as are present 
in the okapi are not of sufficient importance to exclude the genus from the 
palaeotragine group of giraffes 
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LIVE TRAPPING AND TRANSPORT OF VOLES IN GREAT BRITAIN 
By Dennis CHITTY 


Live trapping of voles (Microtus agrestis) has been one of the most difficult 
technical problems encountered in the course of field studies in different parts 
of Great Britain. Extensive field work by senior members of the Bureau of 
Animal Population has preceded that of the writer, who makes grateful ac- 
knowledgment for having received the full benefit of this previous experi- 


ence, and of the help of Messrs. Elton and Middleton during the designing 
of the equipment here described. I have to thank my wife for her assistance 
in the field, and for suggesting the basic idea of the new trap. Work has 
been made possible by grants from the Royal Society to Mr. Charles Elton, 
and from the Forestry Commission and the Liverpool Corporation. Very 
great thanks are due to these bodies for their support. 

There has recently been a great increase in the amount of live trapping 
of small mammals in the United States, England, and the U.S.S.R. There 
are few papers, however, that give details of the traps used and of their 
effectiveness for catching and preserving the animals alive. For trapping 
Microtus agrestis on the Scottish border, Elton et al. (1935) used a duralumin 
box trap designed so as not to require bait, of which no effective kind was 
known. Hay and carrot were put in a bedroom compartment to minimize 
deaths from cold. Between January and July 1934, however, overnight 
mortality reached 57 per cent when voles were in the traps a maximum of 
17 hours. Hamilton (1937) has carried out trapping operations on Microtus 
pennsylvanicus using Sherman metal traps with the entrance set at the side 
of the runway For bait, oakflakes were effective, and fresh grass was put 
in the traps in cold weather In hot weather the traps were shielded from 
the sun with a covering of weeds and grasses 

Burt (1927), Scheffer (1934), and Moore (1936), described successive de- 
velopments of a simple and inexpensive live trap. The animal enters a 
tunnel of wire mesh or tin, and springs a snapback trap which closes the end. 
Moore described a metal trap with single or double entrance suitable for 
Microtus, among other species. He stated that placing nesting material in 
the trap has not proved satisfactory and in winter the lines have to be run 
several times after nightfall. With Microtus this author recommended 
baiting the traps and fixing them open over night. Good catches may be 
expected when the traps are put into action the following morning. 

No one of these traps combines with convenient size the three features we 
believe necessary for efficient trapping of Microtus, namely nesting compart- 
ment, double entrance, and through vision. These are the principal advan- 
tages of the “hayloft” trap here described. Dimensions that have proved 
satisfactory are given in fig. 1, to which the following description refers. 

The floor of the trap (A) is of one-half inch oak grooved in the center to 
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the width and thickness of an ordinary snapback trap. To the trap (B) 
three alterations are made: (1) Part of the floor is sawn away (reason given 
below); (2) a thin zinc platform (C) is soldered onto the metal tongue of the 
trigger both to increase its effective size and to prevent the wood from being 
gnawed; (3) the top of the wire frame is bent back, as it would otherwise 
exceed the height of the trap. The snapback is then screwed to the floor 
so that the hinge of the trigger is in line with the long edge of the floor. 
(If put in farther the release bar will not clear the top of the opening in the 
side of the tunnel.) The tunnel (D), made of no. 10 gauge zinc, is cut to 
accommodate the snapback. The opening that fits the end of the trigger 
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Fic. 1. Component parts of the vole trap. Dotted lines indicate right angle bends; 
for other explanations, see text. Scale, .25. 


is large enough to admit the tip of the finger for setting, but small enough 
to retain the smallest voles and shrews. A hole 1.25 inch in diameter in the 
top gives entrance to the nest box. The cut-out of the tunnel is bent twice 
at right angles and screwed to the floor. The doors (E) are made from a 
strip of zinc, the ends of which are bent at right angles. This strip is soldered 
to the frame of the snapback trap, which is bent so that the strip hits the side 
of the tunnel flat. The V-shaped cut gives the necessary clearance of the 
projecting end of the trigger. To prevent injury to tails, the doors shut 
clear of the floor, coming to rest on the head of a small screw in the floor. 
The floor juts beyond the doors to prevent the voles from gnawing the wooden 
edges. The nest box (F) is shaped from an ordinary oblong tin, of which a 
satisfactory size is 3 and 3° x 2 x 4.5 inches deep. Parts of the two narrow 
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sides are removed, and one of the long ones is bent to grip the sides of the 
tunnel. When the trap is sprung the pressure of its spring also helps to keep 
the nest box in position. 

The weight of the trap and nest box is 10 ounces. Materials cost about 
18 cents, which includes the cost of cutting and grooving the base by 
machine. The trap requires almost an hour to construct. 

Twenty-six traps and tins are packed together in pairs in wooden boxes 
13 x 13 x 11 inches, internal measurements. This also leaves room for a 
few other items of field equipment. The total weight of a box and 26 traps 
and nest-boxes is about 26 pounds. 

Of importance in setting the trap is the location of a suitable runway. A 
surface run rather than an underground run is chosen because less labor is 
involved in placing the trap, and also because there are more reliable indica- 
tions, such as fresh dung and grass cuttings, that the run isin use. The trap 
is set so that both entrances are in the run, and it is baited with crushed 
oats scattered inside and outside the entrances. This bait is readily taken 
by Microtus. The nest box is filled with dry grass in which is mixed more 
crushed oats. Fresh grass should also be put in the nest box for two reasons: 
It forms a food that is probably more readily consumed than crushed oats 
by those voles that react badly to imprisonment; and in hot weather espe- 
cially a succulent food is needed. On a few occasions during marking experi- 
ments, when fresh grass has not been provided, voles, when released, have 
immediately started to eat the nearest blade of grass, instead of running 
away, as is usually the case. This has been taken as an indication that they 
had suffered from lack of suitable food in the traps. Provision of adequate 
food and bedding in the nest box is essential for reducing to a minimum the 
number of deaths. Food on the floor alone is sometimes first removed by 
other more wary voles or by shrews. On one occasion one of the latter was 
actually observed to make three such successful raids 

In the course of placing the trap, grain and debris used sometimes to 
become lodged under the trigger, thereby preventing it from being pressed 
to the floor and springing the trap. This trouble has been overcome, how- 
ever, by the use of crushed oats and by the removal of that part of the floor 
of the snapback trap immediately below the trigger (fig. 2) 

Removal of a vole from the nest box is easily effected with the fingers; but 
an elastic-mouthed string bag is useful for getting out an animal that has 
remained in the tunnel. One entrance is put in the bag and into this the 
vole is forced by inserting the thumb through the entrance hole to the 
nest’ box. 

A bottle-brush is used to clean the traps after use. 

Judged by number of captures and rates of mortality, good results have 
been obtained so far. At one place in North Wales, where the density of 
voles has been about 100 to 200 per acre, 25 traps spaced in a straight line 
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at five-yard intervals may be expected to catch as many as 15 voles the first 
night, depending largely on the trouble taken to find good runs. The greatest 
efficiency is obtained by running the lines for 24 hours and making a thorough 
inspection part way through. Voles already caught are removed and these 
traps are reset. Traps that have not caught will either have been visited 
without being sprung, in which case some defect in the setting can be reme- 
died, or else none of the bait will have been removed, when a more suitable 
runway can bé located. In this way 48 traps in a grid of 10-yard spacing 
recently caught 61 voles and 3 shrews in 24 hours. 

Deaths, during frosty weather from November to March, 1936-1937, 
have been only about 13 per cent of the total number of captures (112) after 
a possible maximum of 17 hours in the traps. Part of this mortality may 
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a 
Fic. 2. Cross section through center of vole trap. Discontinuous lines indicate trap 
door in different plane. Break in perpendicular lines indicates reduction of height for 
purposes of illustration. Lettering as in fig. 1 and text. Scale, «.50 


have been because grass was not put in the traps during these months. This 
figure compares favorably with that previously experienced, and with an 
18 per cent mortality for Clethrionomys glareolus in a different trap not satis- 
factory for Microtus. Apodemus sylvaticus aiso caught in this other trap 
suffered only a 3.5 per cent death rate (Chitty, 1937). In the case of all 
three species deaths are infrequent in the summer months. 

Middleton has discovered a way of catching voles by putting down cor- 
rugated iron sheets 2.5 by 3 feet, and allowing voles to gather underneath. 
Capture is effected by hand after the sheet has been jerked quickly off the 
ground. ‘Two people have caught as many as 7 at a time, for if the animals 
be taken by surprise they take several seconds to react to their danger. As 


a way of obtaining live voles in good condition this method has immense 
advantages over all others, and with a large number of sheets on the ground 























CHITTY—TRAPPING VOLES 69 


a regular supply of voles can be harvested for several months. The disad- 
vantages are, first, that it may be two to three weeks before voles learn to 
congregate underneath; second, that on rough ground a good many are able 
to escape; third, that the numbers underneath seem to depend to some extent 
on seasonal changes in food and cover; and fourth, that the method does not 
yield comparative census figures. 

When quotas of voles are trapped regularly by local labor, full data regard- 
ing the catch are entered on two form The first of these gives the following 
information: Locality; dates and times of setting; number of traps; numbers 
of all species alive and dead; number of traps sprung by unknown causes; 
description of trap lines; weather, remarks. Under remarks are given the 


positions in the line of those traps catching voles and the number of the 


traveling tin in which each is placed. This information is entered in a dupli- 
cate notebook so that the trapper has a compl te set of data and can decide 
on the number of traps that need be set to obtain a quota of desired size 
under different conditions of season, weather, and habitat. The second form 
gives maximum possible number of hours in the trap, details of deaths in 
captivity (in cases of delay before despatch); and time of despatch. Columns 
are left blank to be filled in at the laboratory with the time of arrival, par- 
ticulars of deaths en route, and laboratory number. This form is on the back 
of a label bearing a printed address and measuring 5 x 3 inches so that it 
may be filed 

For transportation of small rodents, Scheffer (1934) used a wire mesh 
cylinder 11 inches long with a tomato can for closing each end. As many as 
12 of these units are packed in a commercial egg-case. Bedding and suc- 
culent food are provided. With our method of segregating voles in transit, 
each animal is in a tin seven and three-eighths by three and five-eighths by 
three and five-sixteenths inches deep, the lid of which has been perforated. 
The tin is filled very full of dry grass, which acts both as bedding and as an 
absorbent of the moisture that otherwise fills the atmosphere to the dis- 
comfort of the vole Fresh gTass and crushed oats are given for food. 

Tins are stacked in units of three with a rectangular wooden frame between 
each unit that allows air to circulate over the tops of the tins. In the sides 
of each frame are 8 “eyes” through which string is run to hold the consign- 
ment together. By this means small numbers of voles may be despatched 
without the excessive weight of a large case only partly filled. A label- 
holder is attached, bearing the address and containing the forms with the 
data regarding the catch. 

Most experience on the effects of travel has been gained from an area in 
North Wales, 140 miles from Oxford. Voles caught between 3 P.M. and 
8 A.M. are despatched in the morning by truck and rai! and they may or may 
not arrive at the laboratory in the evening. On exceptional occasions they 
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have not arrived until 32 hours after despatch, and have all, or nearly all, 
been in excellent condition. Tins are sterilized and returned. Express 
charges for 15 full tins on this stretch of railway are about 25 cents. 
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A PHYSIOLOGICAL STUDY OF CEREBRAL MOTOR CORTEX AND 
DECEREBRATE RIGIDITY IN THE BEAVER 


By OrTHELLO R. LANGWorRTHY AND Curt P. RICHTER 


From time to time as opportunity has offered, we have made comparative 
physiological studies of the cerebral motor cortex of mammals. One of these 
reports has discussed the responses obtained from another rodent, the por- 
cupine (Langworthy and Richter, 1933). The theoretical value of these 
comparative studies is to correlate the behavior and adaptations of different 
animals with the control of these activities by the cerebral motor cortex. 
The same importance may be assigned to comparative studies of the postural 
reflex which differs in its manifestations, depending upon the habitual posture 
of the form (Richter and Bartemeier, 1926). 

The beaver (Castor canadensis) may be considered as among the most 
intelligent of rodents and its adaptations are many. Certain of these have 
to do with the development of a partially aquatic life (Howell, 1930). The 
muscles of mastication are powerful; the animal is able to cut down trees 
with the teeth. The long incisor teeth grow continually and are simultane- 
ously worn away by use. The mouth has hairy lips that can be closed behind 
the incisors to exclude water from the mouth while working beneath the 
surface. The nostrils are situated higher than in most rodents. They are 
valvular and can be closed during diving. The external ear is reduced in 
size, and the external auditory meatus can also be closed when the animal 
is submerged. 
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The fore paws are small with long claws; the toes are not webbed. The 
hind legs are well developed. The hind feet are large and fully webbed to 
the distal end of the toes. The tail is smooth, flat, hairless, and relatively 
broader than in any other partially terrestial mammal. The animals show a 
more efficient locomotion in the water than on land, where the gait is slow 
and awkward. The beaver at times walks erect on the hind legs, holding 
objects in the fore paws. 

Swimming is usually accomplished by alternate movements of the hind 
legs, although occasionally the tail alone is used as a sculling oar. The fore 
legs are folded against the body. The tail is utilized to facilitate quick 
submergence, being slapped loudly on the water as a warning signal. It is 
probable that without a tail flattened in some manner the beaver would 
progress in circles while towing logs and sticks. Elaborate projects are 
carried through by the beaver in building dams, canals and houses. The 
animals sit erect, using the hind legs and tail as props, while cutting trees. 
When beavers play or fight, they tend to balance on the hind legs and tail. 

Experiments.—We are indebted to Mr. William Carr, director of the 
Trailside Museum at Bear Mountain, New York, for the generous gift of 
four, and to the Board of Game Commissioners of the Commonwealth of 
Pennsylvania, for two, beavers. All six were studied in these experiments. 
They were anesthetized with ether; after decerebration the anesthetic was 
stopped. A Sherrington stigmatic electrode was used in the cortical explora- 
tion. The large indifferent electrode was attached to a shaved area upon 
the back of the animal. The responses to stimulation were obtained under 
light anesthesia. 

The bone of the skull was brittle and hard. The superior longitudinal 
sinus could with care be separated from the bone, and the opening in the 
skull carried across the mid-line, exposing completely the dorsal surface of 
both cerebral cortices. The dura was then opened and the cortex dried 
with cotton pledgets. The cortex was relatively smooth upon the dorsal 
surface. The only demarcations were produced by the course of the cerebral 
vessels, which caused slight grooves in the cerebral substance; these showed 
considerable variation. Responses were obtained with relatively little 
current. 

The areas controlling movements of different portions of the body were 
not sharply delimited in this animal. Instead, stimulation tended to produce 
patterns of movement. The general plan and representation of these pat- 
terns were the same in all six experiments (fig. 1). The finer localization 
showed a variation. It is, therefore, difficult to place a dot upon the cortex 
over an area representing the fore leg. Instead, the cortex in the region of 
the motor area has been divided into squares. The types of responses repre- 
sented in these areas will be discussed. 

From the most anterior, dorsomedial portion of the cortex, the responses 
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involved muscles supplied by the cranial nerves (area 1, fig. 1). Stimulation 
close to the midline gave movements of the vibrissae; this response was 
almost completely contralateral. There was also contraction of the facial 
musculature of the opposite side. This at times produced closure of the 
eye and movements of the pinnae. The external auditory meatus was 
closed. The lips were retracted behind the incisor teeth in the position in 
which they are held when the beaver is cutting wood under water. At times 
movements of the tongue were seen. Movements of the jaw and grinding 
of the teeth attested the control of the muscles of mastication from the 
same area. 

A more lateral portion of the cortex is marked area 2 in the diagram. 
Stimulation here gave contraction of the muscles of mastication, and rhyth- 
mical chewing and feeding movements, often accompanied by rhythmic 
protrusion of the tongue. 

Just posterior to the area controlling the facial and masticatory move- 
ments, stimulation produced a contraction of the neck muscles, pulling the 
head toward the opposite side. The area is called 3. The region from which 
these responses were obtained showed considerable over-lap with the anterior 
area just described and with the area 4 controlling the fore legs just posterior 
to it. Thus it was rarely that turning of the head could be elicited without 
accompanying movements of the vibrissae or flexion of the opposite fore leg 

Area 4, and to a lesser extent the more lateral area 5, controlled movements 
of the fore leg; these were predominantly flexor in character. The type of 
responses showed variation in different portions of the area. Stimulation 
close to the midline caused fore leg flexion, which was often rhythmical; the 
fore paw was usually partially supinated and brought up under the body 
close to the mouth. The arm was adducted with flexion of elbow, wrist 
and digits. 

From the posterior part of area 4, close to the midline, extension of the 
fore leg was often obtained. The leg was retracted and extended posteriorly; 
often the extension of the fore leg was accompanied by flexion of the hind leg. 

In the wide lateral area 5 the fore leg was also represented. Stimulation 
here produced less rhythmicity of movement. The claws of the fore paw 
closed lightly so that they would grasp the finger. While stimulation mesi- 
ally usually caused adduction of the shoulder, stimulation laterally elicited 
abduction, associated with partial flexion of the elbow and grasping of the 
claws. In three of the animals, movements of the tail were obtained from 
area 5. The tail was extended in the midline. 

Areas 6, 7 and 8 perhaps should first be considered together. Stimulation 


anywhere in this area was likely to elicit a pattern of movement consisting 
of a twisting of the body toward the contralateral side, combined with move- 
ments of the hind leg and strong movement of the tail to the opposite side. 
Placing the electrode in different portions of this large area gave variations 
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opposite side \t the same time it was tilted vertically, with the plantar 
surface toward the opposite side \ssociated with the movements of the hind 
les 


g and tail, the hody was rotated toward the opposite side 
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movement was never rhythmical; the tail held its new position as long as 
the stimulus was applied. 

In a few cases transverse sections were made across the fore-brain and the 
cut surface stimulated in a similar way. The facial and masticatory muscles 
were represented in the ventromesial portion of the internal capsule, and the 
tail in the dorsolateral portion. On section of the brain at the level of the 
thalamus, the animal gave a characteristic cry and developed swimming 
movements of the hind legs. 

After decerebration, strong rigidity appeared, so that the fore legs were 
stiffly extended (fig. 2). The hind legs were extended in a posterior direction; 
the hind paws were partially separated by slight abduction and external 
rotation of the legs and supinated so that the plantar surfaces were opposed. 
The tail was flexed against the retracted hind legs. The tail showed greatest 

lexion when the body was prone, and little or no fiexion in the supine position. 

The advantageousness of this posture could be demonstrated by spreading 
the tail and hind legs, and setting the animal upon its hind feet and tail. 
Then it became evident that the tone was sufficient to maintain a sitting 
posture (fig. 3 If the neck and back muscles previously showed little tone, 
they could now be observed to stiffen so that the head and body were raised 
from the floor. The pattern of rigidity in the hind legs and tail was adapted 
to a sitting posture, a characteristic attitude of the animal when on land. 

The decerebrate posture was less adapted to balancing on all four legs. 
Under these conditions the posterior position of the body was much higher 
from the ground than the anterior. 

Discussion Stimulation of the cerebral motor cortex of the beaver elicited 
patterns of movement. The facial and masticatory muscles, fore legs, hind 
legs, and tail as well as the axial musculature, were represented. The re- 
sponses seemed adapted to the common activities of the animal. At times, 
on stimulation of the facial area, the lips were closed behind the incisor teeth in 
a manner adapted for gnawing under water. The movements of the fore legs 
were suggestive of feeding or grasping activity. Finally, the movements of 
the hind leg were swimming movements with the tail held in the position of 
a rudder. Responses of the extremities were usually accompanied by a 
curvature of the neck or the trunk. The movements that are used in the 
complex behavior of the animal have their localization in the cerebral cortex. 

The motor cortex of the beaver may be compared with that of another 
highly specialized rodent, the porcupine (Langworthy and Richter, 1933). 
The electrically responsive areas have been designated in different ways in 
the two diagrams of the cerebral cortex. In the case of the beaver we wished 
to emphasize the fact that patterns of movement tend to merge the one into 
the other. The same lack of sharp delimitation was true of the porcupine 
(Erethizon); indeed the plan of cortical representation is essentially similar. 

The porcupine uses its tail as an organ of defense; the tail was represented 
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in two portions of the motor cortex. Stimulation of an anterior area caused 
the tail to be extended in the midline. From a large, posterior area the tail 
vas pulled sharply toward the opposite side. The tail of the beaver is im- 
portant as a rudder or propelling force in swimming, and as a support when 
standing on the hind legs. It (beaver) showed similar areas of control from 
the cortex. The anterior area from which extension was elicited appeared 
poorly developed; the movement of the tail to the opposite side had a wide 
representation. 

The curvature of the head and body was prominent in the responses of 
both animals. In the case of the porcupine it was suggested that con- 
traction of the panniculus carnosus muscle was at least partly responsible for 
the flexion of the body to the opposite side. This may also be true of the 
beaver inasmuch as we have observed that the panniculus carnosus is a well 
developed muscle in this form. 

The hind legs of the beaver are highly specialized for swimming. They 
had a widely spread area of control in the cortex. This representation was 
greater than in the porcupine, an animal with less differentiation of function 
in the hind legs. 

Authors who have reported the results of stimulation of the cerebral motor 
cortices of the common laboratory rodents such as the rat, mouse, rabbit, 
and guinea-pig (Huber, 1934) have been unable to agree concerning the control 
of the hind leg. Apparently it is difficult in the rabbit to elicit responses in 
the hind leg from stimulation at this level. It is the general opinion that 
in these relatively unspecialized forms the boundaries between the various 
areas are indefinite, and the structural features by which the areas are dis- 
tinguished are far less well defined than in higher forms (Huber, 1934). This 
assertion supports our statement that patterns rather than discrete move- 
ments are elicited from the cerebral cortex. 

Straus (1936) reported a detailed study of the cerebral motor cortex of 
another specialized rodent, the kangaroo rat (Dipodomys). Since the cortical 
representation was somewhat different from that described in the beaver, 
the results may be compared. The kangaroo rat is a leaping form, capable 
of bipedal progression. The hind legs are more than twice as long as the 
fore legs. At rest the fore legs are held free from the ground so that the 
animal is supported solely by its hind legs. 

Straus located in the cerebral cortex areas giving responses of the facial 
muscles and fore leg. In the case of the kangaroo rat the hind leg, which 
is developed for locomotion, was represented only at subcortical levels. The 


movements of the fore leg occurred more commonly in the proximal than 
in the distal segments. Isolated grasping and feeding movements of the fore 
legs were apparently less well differentiated than in the beaver’s cortex. 
Straus pointed out that the brain is compressed laterally by the peculiar 
conformation of the skull, so that much of the cortex that occupies the 
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lateral surface of the hemisphere in other mammals is elevated dorsally. 
This is also true of the beaver, for it is plain from figure 1 that the dorsal 
surface of the cortex is broad. The electrically responsive area occupies 
only a narrow medial stripe, on the dorsal surface. 

The decerebrate posture of the beaver was interesting inasmuch as it 
showed an adjustment of the antigravity muscles to enable the animal to 
balance upon the hind legs and tail. This posture is held for a considerable 
proportion of the time which the beaver spends out of water. At first it 
would seem odd that the tail of the decerebrate beaver takes a position of 
strong flexion. However the extensor muscles of the tail of the beaver can 
not be thought of as antigravity muscles, since the tail is dragged along the 
surface of the ground when the animal walks on four legs. On the other 
hand, the tail is used as a prop, when the animal sits on the hind legs for 
relatively long periods, as in cutting trees. Under these conditions the flexor 
muscles of the tail are the antigravity muscles. Therefore, in the decerebrate 
animal the hind legs were retracted and extended while the tail was strongly 
flexed. By spreading the hind legs and tail, the animal could be balanced. 
The extensor muscles of the back and neck then showed an augmentation of 
tone and the beaver sat up. 

In the kangaroo rat the tail is not used for support in standing upon the 
hind legs. Straus noticed extension of the tail after decerebration. He 
also found that the fore legs of this animal were flexed after decerebration. 
This is the typical posture of the fore limbs while the rat sits quietly upon 
the hind legs; the flexors are the antigravity muscles. 

LITERATURE 
Howe tu, A. B., 1930. Aquatic Mammals. Charles C. Thomas. 
Huser, E., 1934. A phylogenetic aspect of the motor cortex of mammals. Quart. 
Rev. Biol., vol. 9, p. 55 
Lanowortny, O. R., and C. P. Ricuter, 1933. The cerebral motor cortex of the porcu- 
pine. Jour. f. Psychol. u. Neur., vol. 45, p. 138 
Leicuton, A. H., 1932. Notes on the beaver’s individuality and mental characteristics. 
Jour. Mamm., vol. 13, p. 117 
, 1933. Notes on the relations of beavers to one another and to the muskrat. 
Jour. Mamm., vol. 14, p. 27 
, 1935. Notes on the behavior of Norwegian beaver. Jour. Mamm., vol. 16, 
p. 189. 
Ricuter, C. P., and L. H. Barremerer, 1926. Decerebrate rigidity of thesloth. Brain, 
vol. 49, p. 207. 
Srravus, W. L., 1936. Electrical excitation of the cerebrum of the kangaroorat. Jour. 
Mamm., vol. 17, p. 374. 
Warren, E. R., 1927. The beaver. Williams & Wilkins Co 


Henry Phipps Psychiatric Clinic and Sub-Department of Neurology, The Johns Hopkins 
University, Baltimore, Maryland. 











78 JOURNAL OF MAMMALOGY 


OBSERVATIONS ON THE BEHAVIOR OF CALLOSPERMOPHILUS 
AND EUTAMIAS 


By KENNETH GORDON 


In the last 40 years a great deal of experimental work has been carried on 
in the study of animal behavior. The white rat has been the mammal most 
often studied, but cats and dogs have been frequently used. Many captive 
wild animals have been studied, but I have not yet found record of any 
attempt to test wild animals in their native environment with discrimination 
devices, mazes and problem boxes. These notes record an attempt to do 
this in the summer of 1935, in connection with the preparation of a thesis 
for the degree of Doctor of Philosophy, Cornell University. 

Work was carried on at Wildwood Forest Camp on the Ochoco Highway 
in the Blue Mountains of eastern Oregon from June 12 to July 6. The site 
was at an old log pile in open and second growth timber at the upper edge of 
the yellow pine zone, and at an elevation of about 5000 feet. The mammal 
there studied was the golden-mantled ground squirrel, Callospermophilus 
chrysodeirus chrysodeirus. A second camp was made on the North Fork of 
the Cache la Poudre River in northern Colorado from July 30 to August 28. 
The site was at the edge of a small meadow at an elevation of 9600 feet. 
The mammals studied there were two species of chipmunks, Eutamias quad- 
rivittatus quadrivitiatus and Eutamias minimus operarius, with incidental 
notes on Callospermophilus lateralis lateralis. In the notes the two species 
of chipmunks were differentiated, but they behaved so much alike that they 
will not be considered separately, except for voice, in this discussion. 

Methods.—The animals were caught in box traps tripped by astring. They 
were driven into a small wire cage through a hole in the back of the trap, 
and then placed in a gunny sack where they could be caught in the hand with 
little danger of their escaping. Leather gloves were worn as necessary pro- 
tection from their teeth. 

The ground squirrels at the Oregon camp were marked by painting with 
mercurochrome. This did not prove satisfactory, since it began to fade 
within a few days. The white stripes of the chipmunks were variously stained 
(whole stripe, front half, back half, middle, and ends) with picric acid crystals 
dissolved in 5 per cent formalin. This gives a pale yellow color which deepens 
with age and remains until the hair is shed. The hairs of the tail were also 
clipped in various ways, tip inch, tip half, basal half, middle, both ends, and 
the whole tail. By using color and clipping in combination a considerable 
number of animals can be marked. Later experiments on white rats indicate 
that artist’s oil paints diluted to a thin paste with carbon tetrachloride may 
be fairly satisfactory. At both camps some animals were naturally marked 
with nicked ears, abbreviated tails, or peculiar color patterns. Animals 
were given numbers if colored, or letters if uncolored or with natural markings. 
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Observations were made from a car parked a few yards from the exper- 
imental site. The animals soon became accustomed to the car, and paid 
small attention to my movements within it. The observations were recorded 
immediately. Binoculars were used whenever necessary to distinguish the 
marked individuals. 

OBSERVATIONS 

Density.—At the Oregon camp there were 17 marked and at least 2 
unmarked ground squirrels and 4 chipmunks (species undetermined) coming 
from an area of about four acres. This was a density of 3.75 squirrels and 
1 chipmunk per acre. The young were not yet out, and hence not counted. 
At the Colorado camp there were 10 marked and at least 15 unmarked 
squirrels, and 40 marked and at least 20 unmarked chipmunks in an area 
of 10 acres. This was a density of 2.5 squirrels and 6 chipmunks per acre. 
The young were out and included in these counts. 

Territory and social dominance.—The notes under these headings have been 
recorded previously (Jour. Mamm., vol. 17, pp. 171-172, 1936) and need 
not be repeated here. 

V oice.—Callospermophilus has always been considered a silent animal, but 
close association with it revealed that it had a wide range of vocal sounds. 
The following applies to Callospe rmoph lu chrys deirus chrysodeirus. T'sp 
or tsk, single explosive chirps, preceded or accompanied chases. Chittering 
grunts were given during the chases, but were audible for only a short dis- 
tance. A low buzz or grunt, similar to the gentle scolding of a pet flying 
squirrel when it is lightly disturbed, was uttered when two or more individuals 
were pushing each other about at the food box. A rasping note was heard 
during a brief fight. Trp trp trp, was usually given when quarreling or 
fighting. /7'sp, an explosive whistle, higher pitched than the trp, was a note 
of alarm, but was also used when fighting. It was subject to considerable 
variation in emphasis. Tk tk tk, lower and mellower than the trp, was given 
by one while nervously watching me where I sat in the car. 


The voice of Callospermophilus lateralis lateralis was quite similar, but 


the following notations were made. T'sk, sharp, high pitched, and rather 
shrill, and often followed by an explosive typ lower in tone and given at 
frequent intervals (once in 3 to 5 seconds in one case), was an expression of 
great alarm. The notes were accompanied by a vertical jerk of the tail. 
Tsp, rather higher pitched and less in volume than the alarm note of the 
adult, was given by the young just out of their den. T'sp s-r-r-r-r was a call 
of great alarm given by a young one caught in the maze. A buzzing chatter 
was heard from a young one held in the hand. A rather loud squealing or 
“screaming”, given with the mouth wide open, was uttered by an adult held 
in the hand. 

Eutamias quadrivittatus quadrivittatus had a range of notes quite similar 
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in significance to those of Callospermophilus. The following were recorded. 
Kuk kuk kuk, at the rate of 2 or 3 notes per second, was given by number 1 
when there seemed to be no particular cause for alarm. Tk tk tk was a note 
of general alarm. T'sk tsk tsk, higher and more emphatic, indicated greater 
alarm. Tsk tsk tsk sk-sk-sk, or rk-xk-xk, showed still more alarm. Single 
explosive tsks or tks were uttered when they were startled and running for 
cover. A buzzing sound was heard during chases. A high insect-like screep 
was given when they were held in the hand in marking. 

In general the notes of Eutamias minimus operarius were somewhat lower 
pitched and mellower. The following were noted: trp trp trp or trk trk trk, 
general alarm; tsp tsp tsp, greater alarm; tsk, sharp and explosive, followed by 
tsk s-r-r-rr, in sudden alarm when a hawk flew by; tuk or tyuk, a low “whisper” 
alarm; whirt or pirt or whit, when scared by a ground squirrel and dashing for 
cover; ts ts s-r-r-rr, high pitched, insect-like, by an immature chipmunk when 
confined in the maze and badly frightened. 


EXPERIMENTS 

Smell.—Brief experiments were carried on with buried peanut butter. 
The peanut in a shell was replaced with peanut butter and the shell buried 
one to two inches deep in a pile of dry rotten wood that was almost like dust. 
The first shell was found in less than 10 minutes. Other squirrels dug where 
the shell had been buried. Another shell was dug up by the first squirrel to 
pass over it, and again other squirrels dug at the spot where it had been 
buried. Previous to this time none of the animals had been digging, so 
that this digging was a distinct departure from their usual activities. Then 
peanut butter was placed in an empty safety-match box and buried about 
5 inches deep. During the succeeding hour and 15 minutes of the afternoon 
they did not seem to detect its presence, but by the time I entered the car 
the next morning it had been uncovered. 

Two weeks later, experiments with carbon bisulphide were attempted. 
Several holes were punched in the top of a small pill box, a wad of cotton 
saturated with carbon bisulphide was placed inside, the box buried so that 
the top was level with the surface of the ground, and oats piled over it. 
There was no detectable response on the part of several squirrels, even though 
no. 2 had his nose over the box for several minutes ata time. Then the top 
of the box was removed and the oats placed directly on the cotton. After 
some time no. 2 dabbed at his nose, and twice later drew back quickly and 
rubbed his head in the dusty wood. This may have been a response to a 
chemical irritation rather than to smell. There was no response from any 
other squirrel, although none were near the box as long as no. 2. Apparently 
little was to be learned by this method and I did not try any of the other 
odors available. But, as might be expected, they showed a violent reaction 
to ammonia when used in a similar setup. 























GORDON—BEHAVIOR OF SCIUROMORPHS 81 


Fragmentary as is this evidence it seems to show that under conditions 
normal to their usual habits the squirrels exhibit a response to odors, and that 
under experimental conditions foreign to their experience they show little 
response. This is closely parallel to results with the white rat in the labora- 
tory as reviewed by Munn (Animal Psychol., pp. 146-150, 1933). 

Taste-—The squirrels at Wildwood Camp were offered a wide range of 
foods. Oats and peanuts were the staple baits used and were readily eaten 
or stored at all times. Bananas, cantaloupe rinds and pancakes were greedily 
eaten. Peanut butter was gulped down briefly, but the eating was soon 
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Fic. 1. Positions in which peanuts were hung for the string experiments. 


accompanied by gagging, as though the butter were too dry to swallow 
easily. Puffed wheat and corn and Ry-Krisp were usually rejected in favor of 
other foods. Such observations are only partially indicative of the part 
that taste plays in the selection of food, since smell and consistency are 
not ruled out. 

Later, puffed corn was soaked in strong solutions of sugar, salt, acetic 
acid, and quinine, and dried. The different groups of dried corn were easily 
distinguishable to my tongue. Each kind was first put out separately. 
The sugared and salted kernels were eated apparently with equal readiness. 
The squirrels tended to nibble and then discard the sour and bitter kernels, 
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yet in the end they ate or carried them all away. The remainder of the corn 
was marked and then placed in a single pile to see if there would be any 
choice in eating or taking the kernels away. But they were all carried off. 

The results do not indicate much regarding their sense of taste. Pre- 
sumably consistency can be ruled out as a factor, but not smell. Apparently 
their sense of taste is not as sensitive as ours, since they ate the quinine corn, 
disagreeably bitter to my taste, without great signs of dislike. 
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Fic. 2 (above). Plan of elevated maze. S represents the starting point at the end 
of the log. Fic. 3 (below Plan of the modified Carr maze. The dotted lines repr 
sent doors that could be closed by strings leading to the observer 
String experiments.—At the North Poudre camp, peanuts were hung on 


strings in various situations as shown in fig. 1. Number 10 was in a wire 
cage on the ground with the string running through a hole in the side. All 
the other peanuts were hung in the air, and several usually were in place at 
one time. Only two chipmunks, nos. 1 and 26, were attracted by these 
peanuts; the others preferred the more familiar oats. Peanuts nos. 1 to 7 


were quickly obtained by reaching from the ground or stake or by pulling 
up the string. Peanuts nos. 8 and 9 were more easily obtained than I had 
anticipated. Then situation 9a was set up, in which the anchor stone to 
which the string was tied was about 30 inches on one side of the peanut. 

















GORDON—BEHAVIOR OF SCIUROMORPHS 83 


The first time that chipmunk no. 1 found this nut it reached up from directly 
underneath, then walked over on its hind legs until it could reach the string, 
and pulled the nut over. Later both nos. 1 and 26 went directly to the 
anchor stone and pulled the string hand over hand. In situation no. 11 
they had to climb a stake about three feet from the peanut to get at the 
string. Peanut no. 12 could be obtained by climbing either the taller stake 
to which the string was tied, or the shorter stake from which the string could 
be reached by stretching up. The latter solution was the one most often 
adopted, and without much hesitation. In situations nos. 9 to 12, the 
chipmunks quite frequently tried to reach up from directly beneath the 
peanut, and failing in this, went to the proper stone or stake and pulled the 
string. Peanut no. 13 was hung higher than the others, and usually was 
pulled down only after more accessible peanuts had been taken. 

This pulling of strings to get at nuts hung in the air is not an unnatural 
activity, since the chipmunks often pull down grass stems to get at the heads. 


TABLE 1 


Summary of the runs in the Carr maze for the chipmunks 


CHIPMUNE 


alelFilazi1f{2!6{7 18 | 16) 17|19| 22] 25| 26 
Total runs 12} 13; 1) 16) 12 3 2 i 12 3 6 10| 5 
Total errors 78) 11) 38) 31) 37) 83) 54) 29| 7| 7| 19) 84) 38) 42) 33 
Correct runs 2,10: O}12; 8 aodwsaéooeoéewl3si 
Runs to learn 3 5) 6 6 


3ut the pulling of strings on the ground was apparently beyond their solution. 
30th nos. 1 and 26 made many attempts to push through the cage after no. 
10 in the early part of the experiment, but these efforts gradually ceased 
without their once having taken hold of the string. 

Elevated maze.—The plan of this maze is shown in fig. 2. It was made of 
slender larch poles fastened to stakes about two feet high. At first I had 
much difficulty in keeping the squirrels from climbing up the stakes, and 
later in devising barriers that they could not climb over or around. The 
idea in this experiment was to let the animals learn the direct route to food, 
then block it off and see how readily they learned a new route. As might 
be expected, at first they chose the shortest one, 8-B, although an individual 
(E) sometimes, when no. 2 was at B, would try S-A-B and then S-D-C-B as 
though attempting to get behind no. 2. After the animals had learned to go 
to the food at B, a barrier was placed between S and B, and later a barrier 
also between A and B. 

At least 11 squirrels went to S and started out one of the poles, but only 
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5 of these learned to go to the food box first by the short route, and later by 
the route S-A-B. Of the 5 only no. 2 and no. E learned to take the long 
route when the shorter ones were blocked. 

Modified Carr maze.—This was made from a large cardboard box about 
6 inches deep, blocked off into a food chamber and the maze proper. The 
plan is given in fig. 3. The top was covered with one-quarter inch wire 
netting. The doors into the food chamber and between it and the maze 
were operated by strings from the car. This maze was used at the North 
Poudre camp. 

When the proper chipmunk entered the food chamber the outside door was 
closed. The first time this was done the chipmunk usually ran frantically 
about the chamber, finally entering the maze. Later the chipmunks went 
directly into the maze when the outer door was closed. When one had 
entered the maze, the door between food box and maze was closed. The 
first time a chipmunk was shut in the maze it was usually very much dis- 
turbed, and spent a great deal of time running back and forth, gnawing at 
the wires and the partitions, calling in alarm, and sometimes crouching in an 
alley for minutes at a time. At first the young ones had to be released, but 
later two of them, nos. 25 and 26, did much better. Toward the end of the 
experiment both nos. E and J learned, if the outer door into the food chamber 
was closed, to enter the exit door of the maze and run it backward to get at 
the food. Unfortunately, I do not know how long it took them to learn this, 
since the performance was perfected before I noticed what they were doing. 
In the notes, forward progressing entries into blind alleys, backward pro- 
gressing entries, and retracings of the correct path, were recorded as separate 
errors, but in table 1 they are grouped together. 


Department of Zoology, Oregon State College, Corvallis, Oregon. 
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A SCREEN WIRE CONTAINER FOR THE SHIPMENT OF 
LIVE SMALL MAMMALS 


By Puitie M. Biossom 


The screen wire containers here described have proved very efficient for 
the shipment of live small mammals. They are light in weight and can be 
used repeatedly with but little depreciation. The cost of materials is low 
(about 8 cents per cage), and the assembling can be accomplished in a few 
minutes. 

Only the following materials are needed to construct this cage: 16-mesh 
galvanized screen wire cloth (window screen) for the body of the container; 
hard 14-gauge galvanized wire for the upright supports; 22-gauge copper wire 
(or if this is not available, any soft wire not smaller than 22-gauge) to sew the 
screen, to form a handle, and to attach labels; one small tin or lead tag, with 
a number stamped or scratched on. 

To construct a container of medium size, cut one piece of galvanized 
screen wire cloth 13 x 17 inches, with the long dimension along the selvage. 
Cut two pieces of hard, straightened, 14-gauge galvanized wire, each about 
8 inches long, and the following of 22-gauge copper wire; two pieces each 12 
inches and two pieces each 16 inches. Roll the screen lengthwise until the 
edges overlap one-quarter to one-half inch. In this position, fasten at the 
raw end (B) with a short piece of copper wire. Take one 16-inch length of 
copper wire and fasten securely the two overlapped edges at the selvage 
end (A). Sew with the wire along the entire container, from A to B, with 

up-and-down stitches about 1 inch apart. When near the raw end (B) 
| remove the short piece of copper wire and continue to sew until across the 
container, then fasten wire securely. The screen is now cylindrical in form. 
Take pliers and bend the two pieces of straightened galvanized wire in a 
complete loop about 1.5 inches from both ends of the wires. Insert these 
wires (inside) through the bottom and the top of container, about 4 inches 
from each end of the screen. Compress the screen lightly from top to bottom 
until it rests on the upper and lower loops in the supporting wires, then with 
pliers make a half-loop in the top and the bottom of each supporting wire, 
so that the screen is held securely between the inside and outside loops. If 
the wires are too long to make the outside half-loops, snip off the ends. Com- 
press the raw end of container gently from top to bottom and fasten the 
remaining 16-inch length of copper wire at the left hand side (C). Overcast 
with wire across the end, using stitches about one-half inch apart. Fasten 
securely at right hand side (D). In like manner, using a 12-inch length of 
copper wire, but with up-and-down stitches, sew halfway across the selvage 
end (E to A) with stitches about 1 inch apart. Leave selvage end half open 
to admit animals, bedding, and food. Fasten remaining 12-inch length of 
copper wire securely through each loop on top of the container to serve as a 
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With a short piece of copper wire, fasten the tin or lead tag through 


handle. 
When the animals, bedding, and food have 


one loop on top of the container. 
been admitted, continue sewing across the end and fasten wire securely at 


the right hand side (F). A shipping tag is attached to the remaining loop 





finn we ee ome cou A 


a 


Fia. 1 (above Section through container, showing upright supports; side view 
Fie. 2 (below Diagrammatic sketch of container, showing details of stitching; top 


view. Drawings by Grace Eage: 
on top of the container by a short piece of copper wire. If a number of 
containers of this size are to be made it is advisable to purchase galvanized 


screen wire cloth of standard 26-inch width. 
These cages can be made in any desired size. 
ever, is likely to crowd the animal or animals. 


One that is too small, how- 
The smallest practicable 
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size should be made with a piece of screen not less than 13 x 13 inches. This 
cage is suitable for small species of mice, one individual per cage. A slightly 
larger container (screen 13 x 17 inches), like the one described in detail above, 
will conveniently house a wood rat, kangaroo rat, or a ground squirrel. A 
still larger size (screen about 14 x 20 inches) has been used with success to 
accommodate half a dozen to one dozen individuals of colonial species, such 
as cotton-rats or Peromyscus. The container could be constructed large 
enough to hold an animal the size of a cottontail or a prairie-dog. In this 
size, however, it would be desirable to insert three or more, instead of only 
two, upright supporting wires. 

To transfer live animals from trap to container, a simple method is to use 
a tube of screen wire cloth between the door of the trap and the entrance to 
the container. The animal usually can be induced, by blowing on it or by 
prodding from behind, to enter the container. 

To store in the field or to ship empty, the containers are easily flattened 
by bending the upright supporting wires. In this condition a number of 
the cages can be packed together in a cardboard carton or wrapped in a 
bundle. When ready for use the upright supports are easily straightened 
back into position. 

In preparation for shipment it is necessary to provide the cages with 
food, bedding, and moisture. For most small rodents, rolled oats, and small 
seeds if available, make a very satisfactory food. A large handful of hospital 
cotton or cotton batting is placed in each cage for bedding. Moisture is 
supplied by placing in each cage an apple, potato, carrot, or any succulent 
vegetable. No water should be given, for this will spill and dampen the 
food and bedding. 

The general commercial use of cardboard cartons makes it increasingly 
difficult for the zoological collector to secure in the field suitable wooden boxes 
in which to ship live animals. For the shipment of live small mammals, a 
container of the type described here is, in many ways, more adaptable to the 
needs of the collector than the heavy wooden box or than the larger style of 
wire cage constructed with several or many compartments. Often one or 
two individuals is the extent of the catch of a desired species, and for these 
a large cage is undesirable. It is important that the animals reach the 
laboratory as soon as possible, thus decreasing the possibility of accident 
in the field or during delayed transit. With individual small cages, shipments 
can be made at any time and the unnecessary expense of shipping a larger 
cage avoided. 

The express companies have accepted these containers singly in an un- 
wrapped condition, or several containers packed together in a cardboard 
carton. When several containers are shipped together in one carton, ventila- 
tion is provided by holes cut in the top, bottom, and sides of the carton. 

These wire cages have been successfully used for a year and a half for the 
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shipment of a large variety of live small mammals. In most instances the 
shipments have gone considerable distances, as from southern Arizona to 
Vermont, and from western Nevada to the District of Columbia, with a 
mortality that is almost negligible. 


Museum of Zoology, University of Michigan, Ann Arbor, Michigan. 


SUMMER ACTIVITY OF MOUNTAIN SHEEP ON MT. WASHBURN, 
YELLOWSTONE NATIONAL PARK 


By Wiuiiam B. Davis 


Almost every visitor to Yellowstone Park who has the temerity to take the 
one-way road from Dunraven Pass to the summit of Mt. Washburn is re- 
warded not only by the splendid panoramic view obtained from that vantage 
point, but also by the sight of one of our rarer game animals—the mountain 
sheep. A recent article by Mills (1937) prompts me to record observations 
that I made on mountain sheep at Mt. Washburn from July 3 to July 21, 
1934. A total of 138 hours was spent in following the sheep over their range, 
observations frequently beginning before dawn and ending after dark. 

I wish to acknowledge the many courtesies and helpful suggestions given 
me by the officials of the Wildlife Division of the National Park Service who 
sponsored this study. Also, Ranger Frank Childs, in charge of big game 
studies in Yellowstone Park, aided me materially on several occasions. 

Daily activity—Long before sunrise the sheep were actively grazing near 
their beds, a thousand feet below and three-fourths of a mile west of 
the peak, where they had spent the night. As the morning advanced 
they worked their way up hill, feeding as they went, and reached the top 
an hour or so after sunrise. Here they continued foraging until about 10:00 
A.M., when they bedded down until about noon. At that time feeding again 
was resumed for two or three hours, when they settled down for an afternoon 
siesta. About 5:00 P.M., feeding again was resumed and this time continued 
until the animals worked their way down hill to the barren rocky slopes 
where they bedded down after dark. 

This routine is admittedly generalized; it varied when the sheep were 
disturbed by over-zealous tourists or when the weather was inclement. 
Heavy rain caused them to seek the shelter of the groves of Engelmann 
spruce. Individualism was shown by some of the sheep, particularly by 
“Broken Horn” the old lambless ewe that led the flock on most occasions. 
She foraged and rested when and where she pleased, irrespective of what the 
rest of the flock were doing. 

The beds.—Two distinct types of beds were utilized. The day bed, used 
during the mid-day siestas, was a temporary affair constructed when and 
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where the individual sheep decided to rest. Usually each animal, and in 
particular the three-year-old ram, excavated a shallow depression on the 
grassy hillside by executing three or four pawing scratches with each fore 
foot before lying down. Other sheep, especially the lambs, made no effort to 
scratch out a bed; they merely lay on the grassy slope. 

The night beds were more elaborate. Usually they were situated on 
steep, rocky slopes and they showed evidence of considerable effort on the 
part of the sheep. Four that I located on the north-facing slope of the 
peak to the east of the look-out cabin were typical. These were scraped-out, 
oval depressions about three or four inches deep averaging 18 by 30 inches 
in dimensions, with the long axes at right angles to the slope of the hill. 
Beds in such situations must offer the greatest possible protection from the 
approach of terrestrial enemies, because the loose breccia surrounding the 
beds was easily disturbed and rolling rocks certainly would give warning of 
approach. No bedding of any sort was utilized; the animals merely lay on 
the bare earth. 

In lying down the sheep invariably folded their front legs first and then 
lowered their hind quarters, placing their hind legs so that they projected 
to one side of the body. In rising, the hind legs were used first. All the 
animals observed invariably lay with their backs toward the hill. This 
position permits of better vision of the surrounding terrain and, perhaps, is 
also advantageous in lying down and rising. 

Voice.—Usually the sheep were quiet, but on several occasions I heard 
them utter bleats that, to me, were indistinguishable from those given by 
domestic sheep. One yearling that was separated from the main flock by 
a low ridge bleated and was answered by one in the flock, whereupon the 
“lost’’ one turned and soon joined the others. On another occasion a lamb 
had wandered away and lost sight of the flock. It bleated and was directed 
back by answering bleats emanating from one of the flock. Seemingly, with 
mountain sheep, voice functions primarily as a directive device. 

Food.—Seton (1929) and others who have studied the food habits of moun- 
tain sheep agree that they are delicate feeders. On Mt. Washburn they 
avoided, for the most part, the most abundant herbs, lupines and sedges, and 
sought out grasses and certain plants that evidently were more palatable. 
Fully 95 per cent of the feeding time in July was devoted to grazing; browse 
constituted a very minor part of their diet. Food items included in the 
diet changed as the season advanced; as certain preferred herbs matured 
others took their places. Green vegetation was preferred to dried at all 
times. The change in diet is illustrated in tables 1 and 2. 

The estimated percentages were based on the approximate time that the 
flock spent in feeding on each species. From the above tabulations it is 
evident that grasses constituted the main item of the diet throughout July. 
It is evident, also, that food items changed from period to period. Indian 
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warrior, which had constituted a large portion (25 per cent) of the diet in 
early July, was unimportant in late July. It had matured about mid-July 
and apparently was no longer palatable. Many plants, particularly Phacelia, 
not utilized in early July, were added to the diet during the latter part of 
the month. As the season advanced, additional plants doubtless took the 
places of those maturing; furthermore, the rank of given plants in the “palata- 
bility” list changed with the season. Apparently each wave of vegetation 


TABLE 1 


FOOD PLANTS CONSUMED IN EARLY JULY 


= PER CENT 
eas (ESTIMATED) 
Grasses (Poa interior and other species) 60 
Indian warrior (Pedicularis cystopteridifolia) 25 
Knot grass (Polygonum bistortoides) 5 
Daisy (Erigeron, several species) 5 
Five-fingers (Potentilla subjuga) 
Buckwheats (Eriogonum, several species) \ - 

. " o* ? f 
Engelmann spruce (Picea engelmannii) 
White-bark pine (Pinus albicauiis) 

TABLE 2 
FOOD PLANTS CONSUMED IN LATE JULY 
PER CENT 


SPECIES (EST 
ESTIMATED) 


Grasses (Poa interior and other species) 60 

Phacelia (Phacelia alpina) 15 

Knot grass (Polygonum bistortoides) 5 

Daisy (Erigeron, several species) 5 

Indian warrior (Pedicularis cystopteridifolia) 

Rattle weed (Astragalus aculeatus) 

Saxifrage (Sazifraga austromontana) 10 

Five-fingers (Potentilla subjuga) 

Sedge (Carez sazatalis) 

Engelmann spruce (Picea engelmannii) F 
4 ‘ 


White-bark pine (Pinus albicaulis) 


has certain plants that are eagerly sought by the sheep; others are strictly 
avoided. 
Chewing the cud.—-This activity usually was engaged in when the sheep 


were bedded down. The chewing movement of the lower jaw generally was 
from right to left with the greater part of the grinding being done on the 
upward movement toward the left. Occasionally the order was reversed, 
but only for two or three movements; probably this was for the purpose of 
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adjusting the cud properly in the mouth. The cud is well masticated. 
Counts made on three different sheep to determine the number of jaw move- 
ments per cud are as follows: 


NUMBER OF CUD No. l EWE NO. 2 RAM NO. 3 RAM 
] 64 59 79 
2 63 64 48 
3 59 63 59 
4 62 63 64 
5 63 62 63 


The average of 62 “‘chews”’ per cud, each requiring approximately one second 
to complete the movement, probably is normal. One can easily see the out- 
lines of the cuds as they pass up and down the esophagus. 

Molt.—The rams and yearling ewes had completed the spring molt by 
early July, but the old ewes were bedraggled and unkempt in appearance. 
Huge patches of the heavy winter fleece adhered to their sides and bellies. 
Spring molt begins on the head and back, proceeds down the neck and legs, 
und culminates on the sides and abdomen. Large patches of the old fleece 
often become loose, yet adhere to the animals, and flap about when the sheep 
move. The fact that the older females of other species of mammals (chip- 
munks and ground squirrels, for instance) molt much later than do the males 
suggests the presence of a physiological factor that determines time of molt. 
Many of the ewes with lambs had not yet completed the spring molt on 
July 20. 

Parasites —To the parasites listed by Mills (7bid.) I should add, on cir- 
cumstantial evidence, the bot fly (probably Oestrus ovis). On several occa- 
sions I watched sheep trying to rid themselves of some object that appeared 
to be hovering near their noses. A sheep would shake its head vigorously 
while holding its nose high in the air and then suddenly plunge its nose to 
the earth, where it kept it for several seconds. Occasionally these actions 
were supplemented by the vigorous stamping of a front foot. 

The home range.—Leopold (1936, p. 76), citing M. P. Skinner as authority, 
estimated the radius of daily activity of mountain sheep to be between one- 
sixteenth and one-fourth of a mile. On Mt. Washburn I found it to be con- 
siderably greater than the maximum given above. Considering the alpine 
meadow just below and to the north of the look-out cabin as the center of 
daily activity, I followed the feeding flock three-fourths of a mile east to 
the second peak, and then three-fourths of a mile west of the meadow to 
the regular night beds. These movements were of common occurrence, 
but the easternmost limits of travel varied somewhat. On one occasion 
the flock traveled more than a mile east of the meadow and returned to the 
bedding grounds that night. Furthermore, I have observed part of the 
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flock within a mile of the Dunraven ranger station, a distance fully a 
mile and one-half southwest of the alpine meadow. Seldom did the sheep 
range more than one-half mile north of the meadow. From these observa- 
tions I should estimate that the average daily cruising radius of the sheep 
on this mountain approximated three-fourths of a mile; on occasion it was 
as much as a mile or a mile and one-half. 

The lambs.—Lambing occurs at lower levels, probably along or near the 
Yellowstone River, in May, June, and early July (estimated from size of 
young on the mountain). According to Ranger Hurdle, who has been as- 
signed to the Mt. Washburn look-out station for the past several summers, 
it is not until the first week in July that the lambs begin to appear on the 
mountain where they spend the summer. At the time of my arrival, July 3, 
no lambs were to be found. The first of them were seen on July 5 (one was 


TABLE 3 


NUMBERS OF SHEEP ON MT. WASHBURN IN 1934 


CLASS guy 3 guuy 5 JULY 13 JULY 20 

Rams 
Yearlings... 2 2 2 2 
2 or 3 year old ] l l 1 

Ewes 
Yearlings 2 2 2 5 
Without lambs 3 3 5 
With lambs 0 2 3 14 
Lambs 0 2 3 16 
Ne) 12 16 43 


much larger than the other) and a third arrived about July 12. At that 
time they appeared to be between a month and six weeks of age and, although 
they were still nursing, they were well able to keep up with the flock. In 
fact, the lambs were more active and more difficult to approach than the 
yearlings and old ewes. By July 20 the number of lambs had increased to 
16. This fact indicates that not all of the lambs are brought onto the moun- 
tain at the same time, and the difference in size between the earlier (July 5) 
and later (July 20) lambs suggests a prolonged lambing season. Thus, the 
population of sheep on the mountain increased as the summer advanced 
(see Table 3). As far as I was able to determine, all the lambs along with 
their mothers, the ewes which either were barren or had lost their lambs, 
and the yearlings, ascended the mountain on the side toward the Yellow- 
stone River. 


By July 20 the older lambs seemed to have been weaned and were foraging 
on the green vegetation with the old sheep. 
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According to Ranger Hurdle, the lamb crop for 1933 totaled 15, actual 
count. Assuming that all yearlings that survived the winter returned to 
the mountain in the summer of 1934, the survival value of the 1933 lamb 
crop was seven-fifteenths or 46.7 per cent. It is highly probable that the 
missing lambs perished during the winter from one cause or another, because 
during the time that I was on the mountain I saw not a single large carnivore 
or bird ef prey. With a mortality rate in the lamb crop of 53.3 per cent, it 
is not difficult to see why the sheep are barely holding their own. 

Mills (ibid.) estimated a ewe-lamb ratio of 1:0.55 for the sheep in the 
northern part of the park. I am inclined to consider this ratio as too low. 
Certainly his figures are much lower than those I found for the flock on 
Mt. Washburn where, on July 20, 24 ewes and 16 lambs were observed. Of 
these, 5 (20.8 per cent) were yearlings and 5 (20.8 per cent) were older but 
without lambs. Of the 5 older ewes, one was definitely very old and appar- 
ently barren. The other 4 may have lost their lambs or, quite likely, they 
may not yet have reached the minimum breeding age, which, according to 
Leopold (op. cit., p. 32), is 3 years. Disregarding the 5 yearling ewes, but 
counting the 5 older ones without lambs, the ewe-lamb ratio is 19:16 or 
1:0.84. According to a number of sheep men in Idaho with whom I have 
talked, this is approximately the net ewe-lamb ratio realized in domestic 
sheep. If one disregard the yearling ewes, the one old one, and assumes 
that the 4 other lambless ewes were not yet of breeding age, the ewe-lamb 
ratio is 14:16 or 1:1.14. This figure, I believe, approximates the true state 
of affairs on Mt. Washburn. Leopold’s (ibid.) ewe-lamb ratio of 1:1.5 seems 
too high. At least the ratio of single deliveries to twins as evidenced by the 
lambs and ewes observed on Mt. Washburn was 12:2, or 6:1, whereas Leo- 
pold’s figures necessitates a 1:1 ratio of singles to twins. 

In the light of information gained at Mt. Washburn, let us examine Mills’ 
(ibid.) figures. In the northern part of the park he counted 66 ewes and 33 
lambs, but he failed to segregate the ewes into yearlings, those with, and 
those without lambs. If the ratio (5:19) of yearlings to older ewes observed 
on Mt. Washburn be somewhere near the norm for the park, one can assume 
that 13 of his 66 ewes were yearlings. Also, if the minimum breeding age 
be 3 years (which I seriously doubt) and if ewes become barren with age, 
the combined number of these two classes surely would equal that of the 
yearlings. Thus, instead of deducting 6 as the number of non-breeders, 
a deduction of 26 may possibly better express the true state of affairs. This 
would result in a ewe-lamb ratio of 40:33 or 1:0.825. A net ratio of this 
magnitude is more than sufficient to maintain the flock. In fact, it will 
permit of considerable increase. 

To me, the problem in Yellowstone is not a dearth of lambs; rather it is 
a dearth of yearlings. Study of the Mt. Washburn flock strongly suggests 
that spring and summer losses of lambs are insignificant as compared with 
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those of the first winter. We need to focus our attention on what happens 

to the lambs during their first winter. Factors that cause a high first winter 

mortality must be discovered and means devised to remove them or to reduce 

their effects if it is wished to increase the number of sheep in this region. 
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POIKILOTHERMISM IN THE SLOTH 
By 8. W. Brirron anp W. E. ATKINSON 


During the course of studies on renal and adrenal function, followed at the 
Barro Colorado Island and Gorgas Memorial laboratories, Panama, while 
the senior author was a John Simon Guggenheim Memorial Fellow, oppor- 
tunity was taken to secure readings of rectal temperatures of sloths. We 
desire to acknowledge with appreciation the unfailing courtesies of Mr. James 
Zetek and Dr. H. C. Clark during these investigations. 

It was found that occasionally the temperatures of the sloths vary rathe1 
rapidly and widely for no apparent reason. The experimental conditions 
were not responsible, and activity of the animals did not appear to be in- 
volved. Observations were carried out for the most part in the open air, 
in shade, and the air temperature usually varied only slightly throughout 
several hours. The occasional wandering of the animals, allowed to go 
freely, on the grass or in nearby shrubs, into bright sunlight, appeared later 
to explain the fluctuations. Some direct tests led to evidence of unusual 
limitations in the temperature-regulating mechanism of the sloth in com- 
parison with other mammalian forms. 

Normal temperatures.—The two common Panamanian sloths, the two-toed 
(Choloepus hoffmanni) and the three-toed (Bradypus griseus griseus), were 
studied. These were available in large numbers, and could be maintained 
in local captivity in good condition. They survived, however, for only a few 
weeks in midsummer under laboratory conditions in Virginia. A numberof 
sloths employed for histological and other purposes were utilized for normal 
temperature studies. In table 1, records of stomach, skeletal muscle, and 
heart temperatures may be compared with rectal readings in the same ani- 
mals. The latter were taken with the thermometer introduced 4 to 6 cm. 


into the rectum, and represent deep rectal temperatures. The center of the 
food mass in the stomach, the larger thigh muscles and the beating left ven- 
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tricle were used respectively for other readings. Most of the observations 
were made in the morning; several made in the evening, however, showed 
no differences. 
It is noteworthy that the average rectal temperatures in both two-toed 
nd three-toed sloths were 3 to 4 degrees (Centigrade) lower than in other 
mammals. There were also wide differences in temperature in both species 
the two-toed over a 1.5 degree range, and in the three-toed over a range of 


1 degrees. These facts may be seen in fig. 1 Che almost complete lack of 
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grouping of values over the four-degree range in the case of the three-toed 
sloth is especially striking. A lower body temperature in three-toed sloths 
is also apparent 

The air temperature, it may be noted, varied only slightly from day to day 
and hour to hour, usually from 28 to 30 degrees between 8 P.M. and 10 A.M., 
and from 30 to 33 degrees between 10 A.M. and 8 P.M Readings were 
taken inside and outside the laboratory from March to May, 1937. 
Exposure to cold.—Both species were found to be unable to withstand 
exposure to moderate degrees of cold. After spending only a few hours 
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(4, 5 or 6) in a cold chamber at 10 or 15 degrees, the deep rectal temperature 
fell markedly, and in some cases a state of cold narcosis very similar to that 
found in a hibernating animal began at a body temperature of about 20 
degrees. The hair of the animals was made moderately wet before exposure, 
and a cage that allowed free movement was used. Cold was a strong stimulus 
to muscular activity, and there was marked hypertonus; strangely, however, 
no shivering, at any temperature, was observed in any of the sloths studied. 
There was good recovery to a normal body temperature after withdrawal 
from the cold chamber to room temperature at about 30 degrees (fig. 2). 
Superficial rectal temperature was lower during the cooling process, and 
approximated the deep rectal readings during warming-up. One sloth died 
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apparently from the exposure. Its carcass did not cool as rapidly as in many 
of the living experimental subjects (see fig. 2). 

A few other species of tropical animals that were tested—ocelots, mar- 
mosets, white-faced monkeys—showed no disposition to lose body heat on 
similar exposure to cold. The opossum (Didelphis virginiana) and the 
marmot (Marmota monax), both rather lowly-organized North American 
forms, showed practically no reduction in body temperature after exposure 
to approximately zero temperatures for several days. 

Exposure to heat (sunshine).—A number of sloths had been found by ac- 
cident to show elevations in body temperature after crawling into or resting 
briefly in the sunshine. Frequently, however, the air temperature in the 
sun was only a few degrees higher than in the shade, and rarely 6 or 8 degrees 
higher, undoubtedly because of the high humidity and obscuration in the 
isthmian tropics. 
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Shortly after sloths were placed in the sun, they showed increased activity, 
and within 10 to 20 minutes were vigorously clawing their cages and seeking 
escape. ‘Two animals placed together in one cage fought viciously, although 
they were mates. These conditions lasted for only about 30 minutes, how- 
ever. Rectal temperatures were found to have risen 2 to 4 degrees about 
this time. At the end of about 90 minutes, panting usually was very marked, 
and hyperthermia was obviously extreme. Shortly thereafter the animals 
were removed to the cooler (30 degree) shade of the laboratory. After a 
period of exposure in the sun of 1 hour, 45 minutes, deep rectal temperatures 
were usually found to have risen from 4 to 6 degrees above normal. Recovery 
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of normal body temperatures generally followed in 2 to 4 hours, but several 
animals succumbed within a day or two after an experiment. 

The rate and extent of cooling and warming, and phases of recovery, are 
represented in fig. 2. Data are taken from two protocols. 

Discussion.—Many considerations set the sloth apart as a lowly form of 
mammal. Most sloths show extremely sluggish habits compared to other 
forms. Observed in captivity, it may take from 30 minutes to one hour to 
eat a banana, and then (usually) it will fall asleep for two or more hours—if 
it does not do so between bites. A great deal of the day appears to be spent 
in sleep, the animal clinging back downward with body curled in a tight 
ball. About two-thirds of the time appears to be spent in this manner. In 
the wild, under conditions of exigency, it may be more active. The three- 
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toed form is much more sluggish than the two-toed, and it also shows a lower 
and more variable body temperature. 

In captivity in a large open-air pen in the tropics, sloths were observed 
almost invariably to seek the deepest shade. In the profound depths of 
the jungle, the temperature is said to vary but little from 80 degrees F. 
throughout the year, and here the sloth abounds. Its very thick skin and 
long, coarse, hairy coat are remarkably protective. Such conditions would 
be ideal for maintaining a uniform body temperature, if little effort were 
expended in the daily round. 

Some dissections that were carried out on sloths proved very interesting. 
The weight of the stomach (three-chambered in both species studied) and 
its contents varied between 20 and 25 per cent of the total weight. Even 
after fasting for several days, the stomach appeared from one-half to three- 
quarters full, and weighed about 15 per cent of the body weight. All the 
skeletal muscles, surprisingly, totalled only about 25 per cent of the body 
weight, in contrast to about 45 per cent in higher animals. Again, th 
conditions would seem to be related to a rather torpid habit of life. The 
relatively small amount of muscle tissue would also suggest an explanation 
of the relative thermal incapacity of the sloth. The long-protracted nursing 
period of the young sloth—apparently from one to two years, at the end of 
which time the offspring may be almost as large as the mother—is again in 
keeping with the above facts. 

Wislocki (1933) has discussed the variable body temperatures of sloths 
and other forms. Gibbs (quoted by Wislocki) and also Kredel (1928) have 
observed wide fluctuations in the temperature of sloths with outside tem- 
perature changes. The contrasting remarkable ability of true homoiothermic 
animals to withstand cold has been shown (Britton, 1922, 1930), and the 
importance of glandular mechanisms in recovery from cold has also been 
emphasized (Britton, 1928). 

The sloth is generally found to be extremely hardy under ordinary con- 
ditions. It appears, however, to be very poorly adapted to withstand even 
moderate variations in outside temperature in excess of those of its normal 
habitat. It may, indeed, be considered as poikilothermic in character. 
Probably it is not far removed thermogenically from a reptilian ancestry. 

SUMMARY 

The average rectal, stomach, muscle, and cardiac temperatures in two-toed 

and three-toed sloths in Panama are 3°-4°C. lower than in most higher 


mammalian types. The three-toed form, which is much more sluggish, shows 
a very variable rectal temperature. 


Exposure of sloths to moderately cold air (10°-15°C.) results in a rapid loss 
of body heat. Within a few hours (4-6.5) the rectal temperature may be 
reduced to about 20°C., and ’ state of cold narcosis similar to a hibernating 
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condition may set in. No shivering has been observed. Recovery of normal 
temperature was possible on exposure to warmth. 

Sloths that were placed in ordinary sunshine (35°-40°C.) showed a sharp 
rise in body temperature to approximately the lethal level (40°C.) in about 
two hours. Panting and other evidences of hyperthermia were extreme. 
Several animals succumbed from these experiences. A dead sloth did not 
cool or warm as rapidly as many of the live animals. 

The very sluggish habit of life of the sloth is discussed. It is shown espe- 
cially that its muscle tissue represents only about 25 per cent of the body 
weight, i.e. about one-half the amount found in higher animal types. This 
explains in part its thermotaxic inadequacy. 

\ number of other tropical animals examined showed no notable tempera- 
ture-regulating incapacity 

The extremely limited and low-grade thermo-regulatory mechanism shown 
by two-toed and three-toed Panamanian sloths indicates that these mammals 
are approximately poikilothermic in nature 
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TWO NEW MAMMAILS FROM SOUTH AMERICA 
By J. Kennetu Dovurr 


During the winter of 1936-1937, the entire collection of South American 
mammals now in the Carnegie Museum (numbering approximately 1000 
specimens) was taken to the Field Museum, Chicago, for critical study and 
comparison with the fine series of South American specimens in that in- 
stitution. During the course of this investigation, two new races of mammals 
were discovered. It is a pleasure to name the first race in honor of an out- 
standing authority on South American mammalogy, Dr. W. H. Osgood, to 
whom I am deeply indebted for much kindness and assistance during the 
months that I spent in Chicago. 


Monodelphis peruvianus osgoodi subsp. nov. 


Type.—From Incachaca, Department of Cochabamba, Bolivia; altitude 2600 meters 
No. 5242 Carnegie Museum. Adult male, collected September 12, 1921, by José Stein- 
bach. Orig. no. 1133. 

Diagnosis.—Size small (total length 158 mm.); similar to Monodelphis peruvianus 
peruvianus but ventral surface much darker, median ventral light buff area absent, 
dorsal surface, especially about head, slightly less rufous than in M. p. peruvianus, 
rump not darker than rest of dorsal surface; skull markedly narrower and of lighter 
construction, zygomatic and palatal breadth less, upper molars one-third smaller, 
coronoid process and ramus of mandible narrower and lighter. 

Color.—Dorsal surface, head, and rump Cinnamon Brown, sides and feet Snuff Brown, 
ventral surface between Wood Brown and Drab, hairs on ventral surface Mouse Gray 
at base. 

Measurements.—Type and one topotype, respectively; total length 158, 154; head and 
body 96, 94; tail vertebrae 62, 60; hind foot (without claw) 12, 11; with claw, measured 
dry, 15.2, 14.1; ear 9,9. Skull: greatest length 26, 25.3; greatest zygomatic width 12.5, 
11.8; least interorbital width 5.7, 5.7; width across upper tooth rows opposite M‘ 7.6, 
7.7; length M'-M? 4.6, 4.6. 

Range.—Known only from the type locality 

Remarks.—Externally a series of 8 specimens from the Province of Huanuco, Peru 
(now in the Field Museum), is somewhat intermediate between this new subspecies and 
M. p. peruvianus, for in these the white stripe on the ventral surface is much reduced or 
absent. A throat patch varying from Antimony Yellow to Pale Pinkish Buff is present 
in each of the 8 specimens, but is absent in the two specimens here described. In skull 
characters the former series belongs definitely with peruvianus rather than osgoodi. 
When skulls of osgoodi are compared with the series from Huanuco, and with the type 
and paratype of peruvianus, they are at once conspicuous because of their small size 
lighter and more slender construction, narrower palate, and smaller teeth. The rela- 
tionship between these forms and specimens from eastern Brazil is still unknown. 


Galea spixi campicola subsp. nov. 


Type.—From Campo de Guanacas, eastern Bolivia; altitude 450 meters. No. 1974 
Carnegie Museum. Adult female, collected August 23, 1909, by José Steinbach. Orig. 
no. 397. 

Diagnosis.—Size large, similar to spizi and wellsi; color darker, postauricular white 
spots reduced or absent, ankles and feet darker, throat with well marked dusky band; 
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hind foot shorter; skull longer, mesopterygoid fossa acutely pointed anteriorly, audital 
bullae smaller, basioccipital wider, diastema longer; incisors wider. 

Color.—Dorsal surface Ochraceous-Tawny to Sayal Brown, sides between Ochraceous 
Buff and Clay Color, ventral surface soiled white, ankles Sayal Brown to Orange Cinna- 
mon, cheeks like sides, center of crown between Tawny and Russet. 

Measurements.—Type and two paratypes (nos. 1976 and 2141) respectively: total 
length 280 (250-260); hind foot 40 (39-40); ear 24 (21-24). Skull: greatest length 60.5 
(56.3-57.4) ; greatest zygomatic width 32 (30.6-32.3); alveolar length of upper molar series 
14.4 (13.5-13.7); interorbital breadth 13.5 (13.0-13.0); width of audital bullae at point of 
greatest inflation 8.0 (7.0-7.5); diastema 15.4 (14.4-15.0); width of incisors 4.0 (3.9-4.1). 

Range.—Known only from the type locality. 

Remarks.—The genus Galea can be divided into two natural groups. The one, 
G. musteloides and its subspecies, as pointed out by Tate (Bull. Amer. Mus. Nat. Hist., 
vol. 68, p. 346, 1935), ranges along the Andes in western South America and extends into 
the southeastern part of the continent near Bahia Blanca. The other species comprises 
the forms spizi, palustris, wellsi, and campicola. Since spizi seems to be the oldest 
name available for the species, palustris, wellsi, and campicola become subspecies of 
spizi. The material now available indicates that the range of the species spizi is eastern 

srazil, south and west at least to the edge of the savanna vegetation in central Bolivia. 
Here it encroaches on the range of musteloides, but even so it is at once distinguishable 
by its larger size and characteristic color. Yet from wellsi and spizi, nearly 1500 miles 
to the east, the new race campicola is distinguishable only by close attention to minute 
characters 

From spizi, campicola is separated at once by the reduced size or absence of the post- 
auricular white spots, and the acutely pointed mesopterygoid fossa; also by its darker 
color, more pronounced throat patch, smaller size, shorter hind foot, longer skull, wider 
basioccipital, smaller bullae, longer diastema, heavier rostrum, and wider incisors. 

From wellsi it may be distinguished by its acutely pointed mesopterygoid fossa, 
smaller audital bullae, wider basioccipital, longer skull, longer diastema, heavier ros- 
trum, and wider incisors 

What may be the relationship of minimus and flavidens to spizi and musteloides, 
I do not know 

Campo de Guanacos, the type locality of campicola, is indicated on a map, in the 
section of ornithology of the Museum, furnished by the late José Steinbach. It is an 
area, several miles in extent, in the Department of Santa Cruz, in the western part of the 
Province of Cordillera, lying about 90 miles south of Santa Cruz and 170 miles east 
of Sucre 

Capitalized color terms used herewith are those in Ridgway, Color Standards and 
Color Nomenclature, 1912 


Carnegie Museum, Pittsburgh, Pennsylvania 
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GENERAL NOTES 
THE DESIRABILITY OF RECORDING FULL DATA ON SPECIMEN LABELS 


At various times when searching for details on the life history of small mammals, 
I have examined skins in different museums, always hoping for some brief but substantial 
note that might yield significant information. Almost invariably nothing of value has 
been recorded other than the conventional data. 

Seasoned collectors are well aware of the desirability of securing and recording data 
on specimen labels; these remarks are designed primarily for those who consider the 
locality, date, sex, measurements, and name of collector to be sufficient. The tyro 
should bear in mind that a detailed label is, for many purposes, as useful as the specimen 
to which it is attached. A few of the desirable data that may be inscribed on the label 
are listed. 

Habitat :—Other than the mere locality, the tag should contain brief remarks on the 
character of the area in which the animal was taken, i.e. sparsely wooded hillside, sphag- 
num bog, salt marsh, plus the approximate elevation. Reproduction:—The state of the 
testes, whether small, slightly enlarged or greatly enlarged, descended or not descended, 
condition of the mammae, presence or absence of embryos. If no embryos are present, 
it should be so stated, thus indicating that the collector has examined the animal for 
these. If embryos are present, their size and number should be indicated. Stomach 
contents:—If the stomach is not to be saved, a cursory field examination will often 
reveal much that may be identified. Cheek pouches can be emptied and the food con- 
veniently examined with a hand lens. Parasites:—The presence or absence of fleas, 
mites, ticks, roundworms, bladderworms, and their relative abundance. 

Other desirable data will come to mind with varying seasonal conditions and localities 
It is amazing how much can be legibly inscribed on a small label with a fine pen and 
waterproof ink. Even though such information be recorded in the field catalog of the 
collector, it is usually unavailable to others, and all too frequently is lost when the 
collector loses interest in the subject or dies. By entering such notes on the label, they 
are made available to various specialists and students. It seems hardly necessary to 
add that anyone proposing to use such information should give due credit to the collector 
responsible for the notes.—W. J. Hamitton, Jr., Cornell University, Ithaca, New York. 


CLEANING SMALL COLLECTIONS OF SKULLS AND SKELETONS WITH 
DERMESTID BEETLES 


Most workers in the field of vertebrate zoology are familiar with the use of dermestid 
beetles (Dermestes) for cleaning skulls and skeletons of vertebrate animals. E. Raymond 
Hall and Ward C. Russell (Jour. Mamm., vol. 14, pp. 372-374, 1933) published a descrip- 
tion of the dermestid method as used in a well-equipped museum in a position to provide 
a special ‘‘bug room’’, thermostatic heat control, proper humidity, compressed air, and 
other facilities. I am inclined to believe that other workers like myself have not appre- 
ciated the efficiency of dermestids for cleaning small collections of skulls and skeletons 
when no special facilities are available. 

While doing some field work in Texas this spring, a number of dermestids were ob- 
tained from an old coyote carcass and the dried feet of acow. These were put into two- 
pound coffee cans and the small mammal skulls that I had on hand were placed in the 
cans between layers of cotton. The dermestids immediately went to work on them. 
As more skulls were acquired they were placed in the cans with additiona! layers of 
cotton. 


When I was ready to leave the field, the cans containing skulls and dermestids were 
fitted with tight covers and brought to the office by car. Upon arrival the contents of 
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the smaller cans were transferred to a three-gallon bread tin with a tight fitting lid. 
Such a closed metal container was necessary to prevent the beetles from escaping into 
the building. Although in a tin can, with little or no fresh air for over four months, 
the beetles are still thriving, and continue rapidly to clean any skulls or skeletons pro- 
vided. Of course, food, in the form of dried meat, has been furnished when uncleaned 
skulls or skeletons were not on hand. 

For some reason certain skulls were avoided and others were only partially cleaned. 
These were put in individual glass vials and five or six larvae placed in each vial. Thus 
confined, the larvae soon removed every vestige of flesh and tissue. 

A row of small glass vials was placed on a shelf, and skulls, just as they came from the 
beetle can, were placed in each. The vials were then filled with 26 or 28 per cent com- 
mercial ammonia, covered, and allowed to stand overnight. The used ammonia was 
then poured into a fruit jar, the vials filled with fresh water and left uncovered for 24 
hours. The water was then poured off and the skulls placed in paper boxes to dry. 
Upon removal from the water any small bits of tissue remaining were easily separated 
with a scalpel or brush. However, most of the skulls were so completely free of grease 
and tissue that no further attention was required 

3y this simple procedure I was able thoroughly to clean 20 to 30 small mammal skulls 
or skeletons every other day, after removal from the beetle can. Each handling opera- 
tion consumed only 10 to 15 minutes 

Jest results are obtained when the fresh skulls or skeletons are placed in water for a 
few hours to remove the blood. After soaking it is an easy matter to remove the eyes 
with tweezers and blow out the softened brains with a hypodermic syringe. The speci- 
mens should then be hung up until nearly dry; if the flesh be allowed to become thor- 
oughly dry the dermestids do not work quite so rapidly or thoroughly. Glass jars or 
clean, new tin cans should be used for soaking; otherwise the skulls may be stained. 
Since low temperatures make the beetles and larvae inactive, and since vibrations are 
disturbing to them, it is desirable that the beetle can be kept in a warm, quiet place. 

The dermestids obtained in Texas represent two or more species, at least one of which 
is very large. So far as I can detect, not the slightest damage has been done to small 
skulls even by the largest beetles or their larvae.—Aprey E. Bore.u, Wildlife Division, 
National Park Service, Washington, D. C. 


SECOND ONTARIO RECORD FOR THE PIPISTRELLE 


An unidentified bat in the Royal Ontario Museum of Zoology has proved on examina- 
tion to be a New York pipistrelle (Pipistrellus subflavus obscurus). The specimen, a 
male, was taken at Niagara-on-the-lake, Lincoln County, Ontario, May 14, 1933, by 
Mrs. Servos-Snyder, and was donated to the museum through Mr. Paul Hahn. It is 
now no. 33-5-15-2 in the museum collection. 

The only previous record for this bat in Ontario is that of one taken at Ottawa in 
1890 (W. E. Saunders, Canadian Field-Nat., vol. 34, p. 17). Twe records in 47 years 
suggest that the pipistrelle is of accidental occurrence in the Province. Ontario bats, 
however, are so poorly represented in collections that the actual status of the pipistrelle 
in Ontario is still in doubt.—Struart C. Downine, Royal Ontario Museum of Zoology, 
Toronto, Canada 


NEW TRINIDAD RECORDS OF BATS 


An interesting collection of bats from Trinidad, consisting of 32 specimens repre- 
senting 25 species, has been presented recently to the British Museum (Natural History) 
by the Medical Department, Port-of-Spain, Trinidad. It contains specimens of two 
genera that, so far as I am aware, have not hitherto been recorded from the island. 
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There are two examples of Rhogeéssa io Thomas, of which the type locality is Valencia, 
Venezuela. Thomas also recorded this species from Bogoté, Colombia. The rare bat 
Xenoctenes hirsutus Peters is represented by two adult females, preserved in alcohol 
(as is the entire collection). These would seem to be only the fifth and sixth specimens 
recorded since the original description in 1869. The type, in the Paris Museum, is with- 
out locality; two specimens in alcohol from Pozo Azul, Costa Rica, were recorded by 
Thomas in 1898; and a fourth specimen (skin and skull) has been recorded from Santa 
Marta, Colombia, by Sanborn (Ann. Carnegie Mus. vol. 21, no. 3, pp. 173-4, 1932). 
The forearm measurement in the two Trinidad examples is 45 mm., and it is interesting 
to note that they exhibit marked dimorphism, one being a warm reddish brown, the 
other chocolate brown. The date of capture and precise locality are not recorded 

R. W. Hayman, British Museum (Natural History), London, England 


SECOND COLORADO RECORD OF TADARIDA MACROTIS 


The second Colorado record of the Tacubuya free-tailed bat (7’adarida macrotis) 
was obtained by The Colorado Museum of Natural History from Paul W. Nesbit, of the 
Cheyenne Mountain School, Colorado Springs, Colorado. The first state record (under 
the name Nyctinomus depressus) was taken prior to 1906, in Grand Junction, Mesa 
County, according to Edward R. Warren. H. H. Shamel, in his revision of this species 
(Proc. U. 8. Nat. Mus., vol. 78, art. 19, p. 15, 1931), considered Nyctinomus depressus 
synonymous with T'adarida macroti 

This new addition to the Colorado Museum collection (no. 3084) is a male with the 
following measurements: total length 129.5 mm.; tail 51.5; tibia 16.0; foot 10.1; forearm 
60.0; and length of skull 23.3 

The bat was sent to C. C. Sanborn, Field Museum of Natural History, who verified 
our identification. Apparently there are only 8 recorded specimens of this species in the 
United States, the others being one each from Arizona and Nevada, and two each from 
California, lowa, and Colorado 

Verifying William H. Gates’ observation in the Journal of Mammalogy (vol. 17, 
p. 269, 1936) that these bats do not live long in captivity, the Colorado Springs specimen, 
taken alive, died 4 days after capture. Mr. Nesbit stated that the bat was found about 
4:25 P.M., October 4, lying on its back, with wings folded, on a stone wall surrounding 
the open porch of a Colorado Springs residence near the entrance to the North and 
South Cheyenne canyons. The bat was placed in a screened box where it remained on 
the floor until dark, when it backed up the side and hung by its hind legs. It was inac- 
tive the following day in the classroom, showing no interest in the water and flies with 
which Mr. Nesbit and his students attempted to feed it. While it was being photo- 
graphed on October 6, it opened its mouth in a somewhat feeble attempt at self defense. 
It died during the night of October 8.—J. L. Smeap, Colorado Museum of Natural History, 
Denver, Colorado 


NOTES ON MUSTELA FRENATA FRENATA 


The bridle-faced weasel, Mustela frenata frenata, ranges from near Mexico City to 
southern Texas. Practically nothing has been written about its habits. On March 30, 
1932, some laborers irrigating a citrus orchard east of Edinburg, Hidalgo County, Texas, 
caught a female of this species driven out of its burrow by water, and brought it to me 
A cage was prepared for it, in one corner of which was a small box for a retreat through 
a hole 


On the same day and at the same locality a male was taken by these workmen, but it 


had been injured by a dog and died during the night. The skin was preserved and is now 
in the Museum of Zoology at Cornell University 
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The caged female was extremely vicious and distrustful. Although she was fed 
regularly, she never abandoned the habit of crashing into the wire in the attempt to 
reach one’s face. During these attacks she would ‘‘spit’’ violently and at the same time 
give ashriek. This was followed by a series of purrings or cluckings. During the first 
week a strong musky odor followed these outbursts, but later this was absent. Since 
such outbursts were given with no warning, strangers who placed their faces near the 
wire were severely startled. 

On April 5, one dead young was noticed in the bedding. There may have been others 
that were eaten, but an examination of the bedding revealed no evidence to substantiate 
the suspicion. The animal was entirely carnivorous, and it was necessary to feed it 
fresh meat. Beef was found to be the most satisfactory, although a variation of chicken, 
mouse, or English sparrow proved welcome 

In June this animal was taken to Cleveland, Ohio, and left at the Girl Scout Camp. 
It fed well, but the cold nights of early August were too much for it. One morning it 

is found extremely stiff and cold, and did not recover. As I was in New Hampshire 
at the time, and as there was no one to prepare the skin of the specimen, it was not saved. 

While driving through back roads in southern Texas, this weasel is often seen scam- 


pering into the brush. On December 14, 1934, a laborer, while plowing fallow ground, 





stirred up four of them from one set of dens One of these was captured in tl » open field, 


and as the man had no way of caring for it alive, and knowing that I would want the 
specimen, he choked the animal in order not to injure the hide or bones. This specimen 


was sent to W. J. Hamilton, Jr. at Cornell University 

On December 28, 1934, Clyde Rutherford secured an adult male near the southern 
edge of San Antonio, Texas. Another specimen was brought by some boys to the Edin- 
burg Junior College during January, 1935, and was placed in formaldehyde. This 
specimen is in my collection. On March 14, 1935, an adult female was found freshly 
killed on the highway 6 miles east of Edinburg. This specimen showed no development 
of the ovaries. It may have had young earlier. During the same month several boys 


came to school one morning and excitedly reported having seen one of these weasels 


carrying a young rabbit. Others have reported seeing it about sheds and barn yards, 
but evidence of destructiveness to poultry has not been found 
In April of the same year some boys brought a half-grown bull snake, Pituophis sayi 


] 


ayi (Schlegel), to the laboratory A few hours later it was noticed that the snake had 


regurgitated a young weasel that was believed to be M. frenata. The head, however, 





had been partially digested and the 
STANLEY Mutalk, Edinburg, Texa 


J 


arkings therefore could not be determined 


NOTES ON FOOD OF THE SEA OTTER 


Data obtained by the Alaska Game Commission and the Biological Survey’s Expedi- 
tion to the Aleutian Islands in 1936 indicate that there are still a few sea otters remaining 
about isolated islands and infrequently visited bays of the North Pacific Ocean. Al- 
though the Survey party encountered them at only 7 islands, reports were received that 
the animals occurred sparingly at several other localities from Montague Island in 
Prince William Sound to the western Aleutian Islands. They were nowhere abundant, 
he largest number observed at any island being 48 The densest concentration was 
found to be 10 per mile. Two thousand was considered a liberal estimate of the sea otter 
population of North America today, although since this was written, O. J. Murie has 
returned from a 1937 trip to the Aleutian Islands and has informed me that a more com- 
plete check of sea otter numbers indicates that the 1936 estimate was toolow. To add 
a note of contrast, in the early 1800’s one island, Unalaska, yielded half that number 
of skins annually 
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The places frequented by the sea otter invariably have 
isolation from human traffic, off-shore rocks and reefs, 
abundance of food 


veral features in common; 
extensive kelp beds, and an 
The latter condition occurs throughout the Aleutians to such an 
extent that there is no doubt that food supply is not the most important factor influencing 
the present range and numbers of sea otter. 





The sea otter obtains practically all of its food from the littoral zone. Diving to the 
bottom, it brings its favorite food, such as sea urchins, to the surface with its front paws 
and then eats while floating on its back. Sea urchins brought to the surface are opened 
by slapping them with the paws. Smaller items, such as snails and other invertebrates, 
are munched from the handful of kelp to which such forms are attached. 

Several places were found on one of the western Aleutian Islands where sea otters 
had hauled out and deposited excreta. Seventy droppings that were collected at these 
places on July 23 and 24 and August 6 were analyzed later in the Biological Survey Food 
Habits Laboratory at Washington. The findings expres 
of excreta are as follows: 


d in percentages by volume 


Items Per cent 
Sea urchins 78 
Mollusks 13 
(Gastropods 4 per cent) 
(Pelecypods 6 per cent) 
(Amphineura 3 per cent) 
Crabs } 
Fishes 3 
Coral rock 2 
Traces of insects, geophilids, algae, grass, bird’s egg, and sea otter fur were also present 


Sea urchins.—Since the feeding of the sea otter seems to be restricted to shallow water, 
the species of sea urchin taken was probably entirely the littoral gylocentrot 
drobachiensis. This was by far the most important item found in the excreta, forming 
78 per cent by bulk. Remains of at least 980 individuals, determined by counting the 
Aristotle’s lanterns, were found, indicating an average of 14 remains per dropping. The 
largest number represented in a single dropping was 50. In all but 11 droppings sea 
urchins constituted more than 50 per cent, and in 24 no other item was found. While 
these figures probably do not give an accurate idea of tl 
sumed by a sea otter at any one feeding, they do serve to show the decided preference 
for this article of food over all others 


Mollusks.—Mollusks occurred in 81 per cent of the 


t 


farm S/ 
LOTT « OT 


1e number of sea urchins con- 


feces, but constituted only 13 
per cent of the total bulk. Traces only were noted in 20 of the 58 occurrences 
only 5 did the bulk of mollusks exceed 50 per cent 
of the fecal material, and of thes 


, and in 
Pele cy pods constituted 6 per cent 
the edible mussel (Mytilus edulis) was the principal 
one, occurring in 45 per cent of the feces and representing 5 per cent by volume. Muscu- 


e 





lus vernicosus and Pecten islandica were the only other bivalves that approached 1 per 
cent of the excreta bulk. Of the gastropods (snails), limpets (Acmaea spp.) were the 
most frequently found, occurring in 24 per cent of the droppings. Amphineura (chitons) 
of several kinds were found 17 times and formed 3 per cent of the fecal material. 

Crabs.—In only a single instance did crabs exceed 50 per cent of a dropping, but they 
occurred often enough in small quantity to form 4 per cent of the material. The follow- 
ing species were identified: Dermaturus mandtii, Pagurus gilli, Pagurus hirsutiusculus, 
and Cancer oregonensis. 

Fishes.—Fishes do not appear to be a major item in the diet of the sea otter. Of the 
3 per cent representing this item, more than half was fish roe. Positive identification 


of the roe was not possible, but it was thought to be mostly herring. The several forms 


of fishes found in the excreta include Ammodytes alascanus and Gymnocanthus pistilleger. 
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Coral rock.—This item, forming 2 per cent of the excreta and occurring in 5 per cent 
of the feces, is thought to have been taken to satisfy some dietary deficiency. Other 
forms of rock were present, but these seemed to have been taken incidentally. For in- 
stance, in some cases pebbles were still attached to the byssus of an edible mussel. 

As indicated above, certain other items occurred in the fecal material as traces. 
These include bits of hydroids (Abietinaria sp. and Thuaria robustus), algae, geophilid 
fragments, a ground beetle (Eurystellus californicus), larvae of Scatophaga sp., remains 
of a bird’s egg, some grass (Poa sp.), and a few sea otter hairs. There is little doubt that 
these items were taken by the otters either incidentally or without particular desire for 
them as food. 

These findings compare well with those of Barabash-Nikiforov (Jour. Mamm., vol. 


16, pp. 255-261, 1935), who found the diet of the sea otter of the Commander Islands to 





be represented by the following 


Item Per cent 
Sea urchins 59.00 
Mollusks 23.30 
Crabs 10.00 
Fish 6.70 
Sea weeds and accidental mixtures 1.00 


Octopus, a food taken by the sea otter of the Commander Islands, was not found in the 
material from the Aleutians. This difference, however, as well as the relative percent- 
ages of major items, would probably tend to be equalized if more material, collected at 
various seasons, were available from the Aleutian Islands.—Cercit S. Wiuuiams, U. S. 


Biological Survey, Washington, D. C. 


MALOCCLUSION IN A WOODCHUCK SKULL 


A woodchuck skull having greatly elongated incisor teeth was found in Sheffield, 
Massachusetts, on April 30, 1937, t 


region 


y Morgan G. Bulkeley, a naturalist residing in that 


The lower incisors of this skull protrude about 1.75 inches from the mandible and are 
thus fully twice as long as is normal for these teeth. Of the upper incisors, the right 
curves out in front of the mouth, then down and back between the mandibles and finally 
upward, to force the anterior upper premolar deep into its socket and to pierce the upper 
T 

} 


left upper incisor describes a circular figure near] 


iis incisor is broken off where it reappears in front of the jaw. The 





jaw bone 
y similar except that this tooth spirals 
toward the midline of the skull rather than away from it. Furthermore, this incisor 


pierces the bony roof of the mouth and comes forth again to describe an additional half 
eircls The average inner diameter of the two circles described by these upper incisors 


is five-eighths inch 

As might be expe ected of incisors which, through malocclusion, have been subjected 
to little if any attrition, the tips are not bevelled but instead are rounded.—ALEXANDER 
LINCOLN, Jr., 59 Codman Road, Brookline, Massachusetts 


EXPERIMENTAL EVIDENCE ON THE EATING OF BOB-WHITE 
EGGS BY SMALL SCIURIDAE 


Studies of the nesting of the bobwhite quail (Colinus virginianus) in southern Wis- 
consin, chiefly in 1930 and 1931, brought forth evidences of both primary and secondary 
nest destruction by striped ground squirrels (Citellus tridecemlineatus) and possibly 
other sciurids (P. L. Errington, Wilson Bull., vol. 45, pp. 122-132, 1933). Through the 
courtesy of Dr. Harland W. Mossman, University of Wisconsin, I had an opportunity 
to do some experimenting with a series of captive striped ground squirrels and eastern 
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; 


chipmunks (Tamias striatus), which, if not tame, were at least sufficiently reconciled to 
captivity to react with apparent naturalness to food placed within their cages. 
Twenty-three of 25 chipmunks, 13 of 15 ground squirrels, and 1 flying squirrel (Glau- 
comys volans) examined or vainly tried to open bobwhite eggs made available to them, 
but thereafter lost interest. One chipmunk and 2 ground squirrels ate eggs from the 
beginning; a second chipmunk, exceptionally interested in eggs but unsuccessful in 
t} 


opening 


| em, was given a pricked egg for encouragement, after which it opened addi 


| eggs unaided 


tiona 
The 4 egg-eating individuals of the 41 rodents worked with were given a total of 27 
bobwhite eggs (mostly taken from nests abandoned before incubation had begun) 
between June 25 and July 14, 1931. Chipmunks and ground squirrels alike opened eggs 
in much the same way and usually with some difficulty. Even experienced individuals 
were observed to revolve the eggs at the side of their fully spread jaws until their slipping 
teeth finally took hold of the shells (pe rhaps at rough spots) sufficiently to break throug! 


zs being eaten from either the pointed or the round end, or 





the ide. often after a part of the shell had been flaked away from the membrane 


Captives given single eggs, if they were still hungry after eating the contents, had a 
tend i the el] except for small or much-bitten particles Shells left 
I e satisfied animals or removed as soon as most of the contained material had been 
eaten, were comparable in appearance to remains of eggs in or about nests known to 

e been destroyed by ground squirrels in the wild. Normally from one-third to tw: 
thirds of the shell of an egg opened by a striped ground squirrel was discarded, and 

bout the me kind and amount of shell debris seemed to be left by a chipmunk, al- 
though I} | no field data concerning egg-eating by the latter specie s, and hence I could 
judge only from individuals in captivity.—Paut L. Errineton, Jowa State College, 


MATING OF BEAVER 


1 


During the live stock show in Portland, Oregon, October 4 to 11, 1937, I took care of 
an exhibit of liv beaver On October 6, it was observed that one of the females was in 
heat 4 male followed her constantly and at 4 A.M. on October 7, copulation occurred 


in the tank of water to which the animals had access With a great deal of splashing the 





} 


male turned the female on her back, clasped her firmly around neck and body with both 
front and hind feet, and con ple ted the act in about three minutes The occurrence was 
witnessed by several night watchmen and other individuals.—Apo.pu R. Rotru, Washou 
gal, Washingtor 


j 


FIRST VERMONT RECORD FOR THE ROCK VOLI 


A specimen of Microtus chrotorrhinus chrotorrhinus was trapped at Island Pond, in 
the northern part of Vermont, on July 24, 1937. So far as can be learned, this is the first 
record for the rock vole in the State. The animal was trapped among talus overgrown 
with birch and poplar trees, at an elevation of about 1400 feet. The specimen, an adult 
female, is in the collection of G. L. Kirk of Rutland, who trapped it This specimen 


is of particular interest, as Kirk wrote in his check-list of the mammals of Vermont 
(Joint Bull. no. 2, Vermont Botan. & Bird Clubs, 1916); ‘“The rock vole is also to be 
looked for as it has been taken in the White, Adirondack, and Catskill Mountains 


F. L. Oscoon, Jr., Rutland, Vermont 


ADDITIONAL NOTE ON NAPAEOZAPUS IN EASTERN MANITOBA 


Recently (Jour. Mamm., vol. 18, p. 369, 1937) I recorded the capture of an example 
of Napaecozapus insignis fructectanus in Whiteshell Forest Reserve, eastern Manitoba, 


which appears to have been the first reported for the province 

















( 
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A second specimen, also an adult male (no. 3688) was captured on May 8, 1937, near 

edar Lake, two miles north of Vivian and 30 miles dueeastof Winnipeg. Thislocality, 
like the Whiteshell country, cannot be regarded as pure Canadian Zone; there is a 


distinct intrusion of the Transition from the south and west as indicated by both flora 


t 
and fauna. Very extensive tracts of isolated coniferous forest occur, however, with well 


not f 


developed muskeg carrying a heavy carpet of sphagnum mosses, Labrador tea and other 











typical vegetation. The specimen in question was taken in a trap set on the edge of a 
pruce swamp of this character which was immediately flanked by higher, sandy ground 
supporting a scattered growth of aspen poplar and Banksian pine. Nine miles to the 
est this territory of mixed zonal affinities completely disappears in a gradual declivity 

to the Great Plains, of Transition character only 
In the capture of the first Manitoba specimen 1eozapus, the known range of the 
remit is greatly extended to the northwest Cedar Lake record now further 
ens this rtained range by a distan¢ f 50 miles to tl west-northwest.—J 


DEWE Soper. National Parks Burea D urtment of Mir and R urces, Winnipeg, 





- a 
EX EW N A I 
[t is difficult to distinguish t S I born ra ind the effort is rarely 
le by the linary rabbit breeder be ng | ttained the age of three or 
1 e] As t numbe f young bort frequentl iter than the mother can 
successfully rear, natura! selection commot letermin e survival of the larger and 
tronger young, which crowd the smaller and weak« y from the nipple Frequently 
there 1 in ¢ ss of males among the SUrVL' t is males t birt} al d for a few weeks 
thereafter average larger than females (Castle, W. I Jour. Exper. Zool., vol. 53, pp 
121-454, 1929), although subsequent to puberty this relation is reversed. If the breeder 
interested primarily in meat production, this may be no disadvantage, but if his 
primary object is production of female rabbit vhich are exclusively used in certain 
iological tests, he would benefit by a method of distinguishing the sexes at birth or 
shortly thereafter, thus allowing him to eliminate the surplus males and to reserve the 
other’s milk for the females 


bata and Hirabayashi (Jour. Jap. Soc. Animal Reprod., vol. 4, pp. 183-188, 1930) 


have described a method of determining the sex of newborn rabbits which involves care- 


ition of three minor anatomical differences in the external genitalia as 


ful discriming 





llows: (1) In the newborn male the distance between anus and urogenital papilla is 
greater than 1.2 mm.; in the female it is less than 1.2 mm.; (2) In the mals » inguinal 
glands are rather large and approach the midline between the anus and papilla; in the 
female the inguinal glands are smaller and farther from the midline, and lie nearer to the 
papilla than to the anus. (3) In the male, scrotal sacs are indicated as a pair of small 


reddish brown spots anterior to the urogenital papilla; in the female scrotal sacs are 


wanting 
These differences are slight and often difficult to detect with certainty, so that we 


have come to rely chiefly on a fourth and more obvious distinction called to our attention 


by Dr. Roy Hertz, which is as follows: In the new born male the urogenital papilla is 
more prominent than in the female and is by proper manipulation eversible sufficiently 


to bring the rounded tip of the penis into view, whereas in the female the 
eversible, and when eversion is attempted, remains slit-like and without a rounded tip 


papilla is non- 


A convenient method of inspection is to hold the animal in the left hand with its head 
toward the observer, hind legs held extended, and to exert gentle pressure on either side 
of the urogenital papilla by the thumb of the left hand and a finger of the right hand, 
in order to evert the papilla, or to demonstrate its slit-like character 

We have used this method in sexing more than 2500 rabbits, which have either been 
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dissected forthwith or else reared to an age when sex was clearly distinguishable, and 
have found our original diagnosis very rarely in error. 

These observations have been made in the course of research rendered possible by a 
grant from the Rockefeller Foundation.—P. B. Sawin, E. L. Green, R. B. Jonnson, 
ann J. C. Wicurman, Providence, Rhode Island. 


THE 1936 COTTONTAIL SCARCITY IN WISCONSIN 


By common consent of all observers, cottontails were unusually scarce during the 
winter of 1936-1937. In an attempt to analyze the situation, questionnaires were sent 
to selected sportsmen, wardens, and Soil Conservation Camps throughout the southern 
counties, asking for counts of the number of cottontails seen in hunting, or during field 
work in rabbit cover. Returns were received on 150 man-days. Upon analysis of the 
data, the prevalent ‘‘flushing rates’’ were found to be: 

In the southwestern counties (driftless area); 1.7 to 2.2 rabbits per hour. 


In the southeastern counties (glaciated area); 0.5 to 1.0 rabbits per hour 


In the central counties (sand and peat region); 0 to 0.5 rabbits per hour 


Single man-days with flushing rates as high as 5 rabbits per hour were reported, but 
only from the southwestern region 

Total failure to flush any rabbits occurred only in the central sand region. Clearly 
this was the ‘‘center of scarcity.’’ It was hoped to ascertain whether a sharp break in 
rabbit abundance existed along the boundary between the sandy soils and the south- 
western prairie soils, but the data, when mapped, were found too meager either to prove 
or to disprove such a break. 


ce 
gre 


The flushing rate decreased somewhat as the season advanced, the November avera 
being 1.5 compared to 0.8 for December, and (on one intensively worked area) 0.5 for 
January This may be ascribed both to “holing up’’ with the onset of cold weather 


and to progressive decimation by hunting 


d 
By way of contrast with the extremely low 1936 flushing rate in the central sand re- 
gion, Leopold recorded the following rates in that region in previous years: 

Sept. 30, 1933, at Babcock, Wood Co., 12 rabbits per hour 

Oct. 1, 1933, at Babcock, Wood Co., 8 rabbits per hour 

Sept. 29-30, 1934, at Pilot Knob, Adams Co., 0.5 rabbits per hour 

Oct. 27, 1934, at Mazomanie, Dane Co., none 

Leopold’s records for the south central region show: 

Oct. 7, 1933, near Reedsburg, Sauk Co., 1.5 rabbits per hour 

Nov. 12, 1933, at Belleville, Dane Co., 1.0 rabbits per hour 

No quantitative data for 1935 are available, but in Washington County one careful 
observer reported that a group of hunters, hunting the same place at the same time by the 
same method, bagged only one-fifth as many rabbits in 1936 as in 1935 

Three skilled men in the sand region independently reported that the 1936 scarcity 
also prevailed in 1935, the last year of abundance being 1934. In all except the sand 
counties, however, 1935 is considered to have been much better than 1936, the estimated 
decrease over 1935 running from two- to five-fold 

It may, then, be concluded that a rabbit scarcity prevailed throughout southern 
Wisconsin in 1936; that it began in 1936 on the richer soils of southeast and scuthwest 
Wisconsin, but in 1935 in the sand and peat belt of central Wisconsin; that it was most 
severe in the central and southeast regions, and least severe in the southwest. The 
indications for 1937 are that the cottontail crop is again short 

The reasons for the 1936 scarcity are unknown. There is general agreement that 
numerous young were seen in spring, but not after the intense heat and drought of mid 


summer. No diseased rabbits were reported. Predators are, of course, the prevailing 











GENERAL NOTES 111 


Lust f scarcity in the minds of hunters, but any decisive statewide change in their 





tus in any one or two year period may be considered as improbable. 


Several observers mentioned that cottontails deserted high ground in 1936 and were 














ilized on lowlands near water. This reported localization is corroborated by the 
ttontails seen during a pheasant census drive made December 8, 1936, on the Univer- 
A ret Of 106 cottontails shed, 98 were in marshes, although the area 

P ; y | | ilf upland 
| set of the cottontail shortage i 136 curs exactly 8 years after the onset of 
ro of 1992-1020 (G ao f the North Central States, pp. 93-94) This 
. , r ’ } O_1 ar < but é ll grouse nd rabbits are known 
came A ane 109K it: be regarded as “‘the cvcle lo so label it. of course 
ne t ur understanding of its nature Atpo LEOPOLD AND Harry G. An 
D Ga Management, Ur f fy con Madisor Wisconsin 

DEER KII RA LESNAR 

bert Laverty, student assistant assigned to the Allegheny National Forest during 
summer of 1087, while in the performance of his duties late ene Aucust efterncen. 
= } 9 n old or { ived on an abandoned farm near the 
of W Pennsvivania. He prised t 1 a female deer 
neg und in a rat restricted é und of his 
pee 7 eae itiou : t. but t » of the sound, 
ediate tarted again to « ] t t 1 deer, after 
ia : four I - und ith } | ¢ leaped into 
tp andl deseandad wit | four feet close together sauntered 
erty walked over to where this merry-go-round had taken place, and there on the 
s a weakly writhing rattlesnake, badly mangled. The snake was described 
being between 2.5 and 3 feet long.—C.Larence M. Aupovus, U. S. Biological Survey, 


EVIDENCES OF BISON IN SOUTHWESTERN UTAH 


An apparent extension of the range known to have been once occupied by the Ameri- 


s furnished by the finding of fragments of a skull in Parowan Canyon, Iron 
nty, Utah. The fragments were found by Wilford H. Lawrence, of Summit, Utah, 
ul thed them in February, 1936, while digging a pipe line 8 or 10 feet deep in 


ally nsolidated limestone talus. These were sent to the Museum of Vertebrate 
wy, where tl ey wert examined by R. A. Stirton, who stated: ‘‘This [skull] differs 
little if at all from the living bison.’ 


ve evidence of bison in this region is meager. Local Piutes say that no 





n stories or legends were told among the several clans that forme rly lived in south- 


tern Utah and northwestern Arizona. There is, however, a large, lifelike petroglyph 





a bison in Johnson Canyon, Kane County he age of this picture is unknown; 


be the work of Pueblo peoples, who preceded the Piutes here. It is interesting 
note that both Johnson Canyon and Parowan Canyon open upon large flat areas that 
nstituted good cattle range before the days of farms and over-grazing, the former 


1ining to the Kanab Plateau and the latter into the valley of Little Salt Lake. 

Three other records of bison in Utah have come to my attention, all referring to the 

rthern part of the state Clarence King, in Explorations of the Fortieth Parallel’’, 
1, p. 494, mentioned a bison skull from Lake Bonneville (Pleistocene extension of 


Great Salt Lake); Elliot Coues and H. C. Yarrow, in ‘“‘Surveys West of the 100th Meri- 


lis 
Ula 


n,’’ vol. 5, p. 68, wrote: ‘“‘We were informed by Mr. Peter Madsen, an intelligent fish- 
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an of Utah Lake, that in drawing his nets in that body of water, he has frequently 
hauled up the skulls of buffaloes 
dated July 12, 1827, w 


sout W. & West pass 


into tl 


sal d Jedediah Smith, in a letter to General William 
“My course on leaving the Salt Lake, was 


ote 


ing the Little Uta Lake, and as 
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Contribution from the Museum of Vertebrate Zoélogy, University of California. In 
two volumes, pp. i-xii, 1-777, 345 figs., 13 plates. University California Press. Cloth, 
€15.00 

For almost 20 years tl umulation of data on the fur-bearing mammal t tl 
stat f ( f has constituted one of the major undertakings of the Museu rf 
Vertebrat Throughout that period of time it |} le a constant effort t 
secure i tion on the subject from all reliable source rhe result is the present 
class 

\ ob of book-making the standard is extremely high, with print of comfortabl« 
si nd all-around excellence, clear illustrations, those in color and several in black and 
white by Ma Brooks, and witl no typographic r rs detected There are severa 
s] introductory chapters of a historical and nature that prove to be par 
ticu ly interesting, and one wishes that the more lengt} The treatment 
of fur-farming in California is especially brief, occupying but two pages. Fur-bearers 
are arranged upters not of which have equal weight. Thus all bears are 
placed in one cl but foxes are divided by kinds—red, kit, gray, and island foxes 
into four chapters. Strict uniformity of treatment as between sorts of fur-bearers is 
both impossible and undesirabl It is felt, however, that weasel have bee 

corded more space than tl four pages that the, ecupy; Dut the | iT not 
regarded as fur-bearers by California trappers. In wild life valu vhethe 
plus or minus, weasels occupy a place as important as many other carnivores 

At the beginning of each chapter are placed the technical facts. For instance, unde 


Spotted Skunks’’ are listed in 


succession 





the seven races o¢ ing within the state 


curr 





each with its synonyms, general characters, description, variations, measurements 
skull characters, type locality, and distribution area in California. It was noted that 
the original description is not cited under each main heading, where one would naturally 


seek it but merely the 
citation in the final bibliography 


Fol 


print 


lowing the technical matte 


and habits, as the authors able 


are 


read every word of these accounts 


well selected and presente 1, that 


sources, 


otherwise pass beyond reacl 


state 


describer and year 


for the most part heretofore unpublished 


with the death of old trapper 


] are stated under the type locality, with full 


is the general account of each fur-bearer, 1 


arger 


and this includes as much selected information, upon as many angles of behavior 


to offer 


Anyone interested in the subject at all will 
They contain an immense amount of information 
the authors have obta 


Much of 


om a 
this 


s scattered throughout the 


great variety of 


information would 
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Particularly commendable is the manner in which controversial subjects have been 


handled It is clear that every effort has been made to treat the question f predation 
nd kindred pics in a tl yuchlv in parti lanner h entire success 
It is seldom inde hat there appears a b I ils equal scope and im- 
+ nad r ] f Y } 
i equ egree r ¢ lg it he rut s have cause for 


Kellogg, Remington. A Review < HE ARCHAEOCETI. Carnegie Institution of 


Vv i r yy} + 129 > i—% Ine Ss tos , wi 
W net Publi n No. 482 Pp. i-x l 66, 88 text-figures, 37 plates Decem- 
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I ; bution i ibtle nt ised | , di but the fact 
td ts « e appropriate in age i é e been intensi irked 
it, dis« ring archaeocetes does suggest that these marine n mals were limited 
t ies and geographic spread at ar ne ti 
n the section on morp! gi istory, Kellogg sl hat all the archaeocetes were 
ri pecialized and adapted to a marin igi e, the ly greatly elongated, hind 
l redu i, front limt lified into padd 1uditory and olfactor ipparatus 
ig pe ized, but vision defective Che re already typically developed 
first appear in the ord 1 in additior minor variations tl striking 
itionary changes are in the cheek teet} Despite these numerous specializations, 
the whole structure and more particularly the skull is much more primitive and more 
I yn maliar in in other cetaceans 
gg concludes that the Archaeoceti are collateral derivatives of the same stock 
from which sprang the Mysticeti and Odontoceti. This conclusion, together with the 


fact that the archaeocetes are ir general the most primitive of these three cetacean 


groups, makes them of peculiar value for consideration of the mysterious and difficult 
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problem of the origin of the Cetacea. This is discussed at great length by Kellogg (51 
quarto pages) in a section that is the most important in the monograph for the general 
paleontologist and zoologist. After considering resemblances and possible affinities 
to all the groups with which the archaeocetes have been or might be supposed to be 
related, Kellogg concludes that ‘‘the evidence seems to pcint toward the concept that 
the archaeocetes and hence also the Cetacea generally are related to if not descended 
from some primitive insectivore-creodont stock, but that they branched off from that 
stock before the several orders of mammals that reached the flood tide of their evolu 
tionary advance during the Cenozoic era were sufficiently differentiated to be recognized 
as such.’’ This opinion is based on wider knowledge and more detailed analysis than 
any other yet given, and a more probable or more definite conclusion could not be 
reached on the facts now available. 

It is hardly possible to make adverse criticism of any point in this fine monograph, 
and its author is to be congratulated on the completion of laborious, painstaking, and 
important research, and the production of a paleontological classic.—G. G 


SIMPSON 
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publ. by N. Gist Gee, Dept. Biol., Lander College, Greenwood, 8S. C., pp. 4. 
November 20, 1936 


HAMPION, F. W. Ratels and corpses. Jour. Bombay Nat. Hist. Soc., vol. 39, no. 1, 
pp 159-161 December 1, 1936 
] 9 


Are hares unclean animals? Jour. Bombay Nat. Hist. Soc., vol. 39, no. 1, 
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Formosov, A. N. On the question of nutrition of northern deer. Moscou Univ 
Sbornik Nauchno issledovatel’skogo inst. Zool. (Abstracts Works Zo 


Inst. Moscou State Univ.), no. 3, p. 114. 1936. (In Russian.) 

Notes on the forest voles of the northern part Gorky (Nijni-Novgorod 
district. Moscou Univ. Sbornik Nauchno issledovatel’skogo inst. Zo 
(Abstracts Works Zool. Inst. Moscou State Univ.), no. 3, pp. 116-117. 1936 


(In Russian.) 

Formosov, A. N., and L. N. Formosov. On the food of the reindeer. Moscou Univ 
Sbornik Nauchno issledovatel’skogo inst. Zool. (Abstracts Works Zo 
Inst. Moscou State Univ.), no. 3, pp. 115-116. 1936. (In Russian 

Fow Ler, Roy L. Changes in the natural history of the High River District, Albert 
Canadian Field-Nat., vol. 51, no. 2, pp. 15-16. February, 1937 

Frecuxorp, Serce. Note sur les mammif 





XX. Remarques sur la classificatior 

















LIST OF RECENT LITERATURE 123 


des Ongulés et sur la position systématique des damans. Bull. Mus. roy. 
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Universiteta im V. I. Ul’ianova-Lenina, vol. 94, no. 8), pp. 93-125. 1934 
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OBITUARY NOTICES 





Frank N. Blanchard, a member of the American Society of Mammalogists since 1923, 


died in Ann Arbor, Michigan, September 21, 1937, following a streptococcie infection 





He was born December 19, 1888, at Stoneha Massachusett After graduating in 1913 
from Tufts College, he taught zoology for three years at Massachusetts Agricultural 
Colleg Then he became a student of Alexander G. Ruthven at the University of 
Michigan, where he secured the degree of Doctor of Philosophy. From 1918 to 1919 
he served in the Division of Reptiles of the United States National Museum. In 1919 
he joined the t of the Department of Zoology of the University of Michigan, where he 
held the rank associate p ofessor at the time of his death Dr. Blanchard was eminent 
for his studies on the natural history and ification of reptiles and amphibians, and 
he had published many papers on these classes of animals.—L. R. Dice 
AMOS WII M BUTLER 


On August 5, 1937, Dr. Amos W. Butler, one of the founders of our Society, passed 


away in Indianapolis at the age of 76, after a month’s illness. He had not been in robust 
health for the past few years He may be termed Indiana’s grand old naturalist The 
passing of one who loved life and nature as much as he did leaves a feeling of sorrow 

among those who knew him 
At an early age he became interested in natural history, and was the founder of the 
Brookville Academy of Natural History, Brookville being his birthplace and home as a 
ung man. This academy was the forerunner of the Indiana Academy of 





now in its fifty-third year. Of the Indiana Academy of Science he was a 


founder, secretary, and in 1895 preside nt 


Butler’s taste ran to birds and mammals On the former he published a volume of 
considerable size, and he leaves to posterity a voluminous collection of migration and 
other notes as well as valuable specimens He and Evermann published the first com 
plet list of Indiana mammals He kept ne pape! clipping and other data about 


the occurrence of noteworthy mammals throughout the State, which he freely gave to 
me in recent years 

He was associated with the naturalists in southeastern Indiana and around Cincin- 
nati Among his many finds were quantitie of Syn tplomys cooperi At one time these 
naturalists had in their possession more specimens of that genus than elsewhere had ever 


N erican and for- 





been taken in North America, and they made liberal distributions to : 





eign museums. His earlier contributions to science were largely about the mammals 
of Indiana A complete list of his mammal papers is published in my recent volume, 
Mammals of Indiana (Amer. Midland Nat., vol. 17, 1936). His later contributions were 
devoted to birds and to sociology 

Doctor Butler was interested in more than natural history. His official position 


for many years (1897 to 1923) was Secretary of the Indiana Board of State Charities; 
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and he filled it with credit to himself and honor to the State. There was little about 
public charities and penal institutions on which he was not an authority. He held 
various responsible positions in international prison congresses. His loss will be deeply 
mourned by his devoted family and admiring associates.—M. W. Lyon, Jr. 


HENRY HOMER COLLINS 


Henry Homer Collins, son of William and Emma Jane Collins, was born on a farm 
near Kewanna, Fulton County, Indiana, December 10, 1885. After completing his 
education in the public schools, he entered Rochester Normal University of Indiana. 
At the age of 20 he was appointed instructor in History in the Rochester Normal School, 
and two years later he became Superintendent of Schools at Philomath, Oregon, a position 
which he held until 1910 when he accepted a similar position at Alsea, Oregon. On 
August 29 of the same year he married Florence McDonald in Corvallis, Oregon. In 
1913 he gave up his position as Superintendent of Schools and accepted a teaching fellow- 
ship in the University of California, where he continued his higher education. In 1915 
he received the degree of Bachelor of Science and was awarded the Le Conte Fellowship 
for the year 1915-1916. In 1916 he received the degree of Master of Arts, and in the same 
year he became research assistant at the Scripps Institution of Oceanography, where 
he worked with Dr. F. B. Sumner on his famous Peromyscus experiments. He retained 
this position until 1919, when he was awarded the degree of Doctor of Philosophy. Upon 
the completion of his graduate studies in the University of California he was appointed 
head of the Biology Department at the Fresno High School and Junior College. The 
following year he accepted a position as assistant professor of Biology in the University 
of Pittsburgh. In 1925 he was made a professor in the same institution, a position which 
he held until his death on August 31, 1937. The end came at Farmville, Virginia, where 
he had gone to recuperate from chronic interstitial nephritis. 

During his years in the University of Pittsburgh his dream of perpetual youth blos- 
somed and was about to bear fruit. Working with the salamander, Triturus viridescens 
viridescens, he began by grafting skin from one animal to another, then various ap- 
pendages, until finally he was able to graft the head of one salamander upon the body of 
another. By such experiments he hoped to learn something about the relationship 
between age and youth. It is most unfortunate for those of us who are left behind that 
such a challenging study was terminated so prematurely. 

A heavy teaching schedule allowed but little time for experimentation. In addition 
to his own research he not only directed the work of 20 to 25 graduate students, but he 
also taught courses in Comparative Anatomy, Mammalian Anatomy, Heredity, Experi- 
mental Morphology, and Genetics. In his spare time he was engaged in writing three 
text-books; one on Comparative Anatomy, one on Mammalian Anatomy, and one on 
Evolution. In this work he was assisted by his wife, who, although not a zoologist, 
was of invaluable help in typing, reading manuscript, and arranging every detail so that 
the few hours available for such work could be used to the utmost advantage. 

Collins was a member of the American Society of Mammalogists, American Associa- 
tion for the Advancement of Science, American Society of Zoologists, American Asso- 
ciation of Anatomists, Society of Experimental Biology and Medicine, American Asso- 
ciation of University Professors, Pennsylvania Academy of Science, Sigma Xi, Phi 
Sigma, and the Genetics Association of America 
by his wife and three children, Marjorie, Homer, and George. 
J. Kennetsa Dovrt 


He is survived 


FREDERIC BREWSTER LOOMIS 


Doctor Frederic Brewster Loomis, Professor of Geology at Amherst College, died at 
Sitka, Alaska, on July 28, 1937. Professor Loomis was born in Brooklyn, New York, 
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on November 22, 1873, graduated from Amherst in 1896, and received his doctorate in 
vertebrate paleontology at Munich in 1899. During his entire teaching career he was a 
member of the Amherst faculty, first as a member of the Biology Department and then, 
for the last twenty years of his life, as professor of geology. Although he occasionally 
did work in other fields, fossil mammals were his major research interest. Numerous 
expeditions to the western fossil deposits brought about the development at Amherst 
of one of the country’s outstanding exhibits of American Tertiary mammals, including 
excellent series of horses and oreodonts. In 1911 an expedition to Patagonia resulted 
in the collection of a fine series of Oligocene mammals, including the unique Pyrotherium 
skull. Dr. Loomis’ publications include more than half a hundred scientific papers, 
mainly on fossil mammals, and five books, including ‘“The Deseado Formation of Pata- 
gonia’’ (1915) and ‘‘The Evolution of the Horse’ (1925).—A. S. Romer 


FRANK STEPHENS 


Frank Stephens, a charter member of the American Society of Mammalogists and a 
pioneer biologist of the west, died in San Diego, California, on October 5, 1937. Al- 
though in his 89th year, he was still active, and death was the result of his being struck 
by a street car, as he returned to his home from a lodge meeting. In that long span of 
years, he left a record of natural history achievement in the west that well reflects his 
tireless energy, his breadth of interest and his high scientific ideals. 

Born in a log house on a farm in Livingston County, New York, on April 2, 1849, 
Stephens had no educational advantages other than those he derived from the country 
school and from his own fondness for reading. When he was 13 years old, his family 
moved to Michigan, and a few years later to Illinois, young Frank having to take a 
man’s place on the farm in those days of labor shortage during and after the Civil War. 
No doubt he was already attracted by the wild-life that he saw about him, for at the age 
of 22 he was sufficiently interested in the preservation of specimens to take some lessons 
in taxidermy. From then on, his life story is one of ever greater absorption in natural 
history pursuits. 

He married at 24 and moved to Kansas, shortly thereafter continuing his westward 
trek, in company with his bride, driving a team of mules. The winter of 1874-1875 was 
spent in Colorado Springs, where he met the ornithologist, Charles E. Aiken, whom he 
credited with arousing his interest in scientific field work and the preparation of study 
skins. 

It was late in the year 1876 that he reached the state where he was destined to become 
famous, and made a permanent camp among the oaks at Campo, in San Diego County, 
which “looked very good” to him after the hardships of crossing the Colorado !Desert. 
Until 1887, he moved from place to place in southern California and Arizona doing more 
or less collecting. In that year he settled on a homestead at Witch Creek in central 
San Diego County, leaving it in 1891 long enough to participate in the Federal Govern- 
ment’s Death Valley expedition. For several years he did intermittent work for the 
Biological Survey, and in 1897 moved to the city of San Diego, where he thereafter main- 
tained his home. In January, 1898, his first wife died, and the following August he 
married Miss Kate Brown. He had no children. 

The foregoing facts have been condensed from a brief autobiography which the editor 
of the Condor persuaded Stephens to prepare in 1918, although under protest, for 
Stephens was always a man of extreme modesty. Colorful as his experiences were, he 
could seldom be induced to talk about himself—unless, perhaps, in a group of kindred 
spirits about a camp-fire—and he always shunned publicity. From this autobiography 
we learn that it was through the influence of Dr. C. Hart Merriam that, in 1885, Stephens 
first began to work on mammals, his activities previously having been confined to birds. 
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“Since that date,’’ he writes, ‘I have perhaps spent more time on mammals than on 
birds.”’ 

Evidence of his keen interest in the mammal field is his largest published work, the 
350-page book, ‘‘California Mammals,”’ with illustrations by W. J. Fenn, issued as one 
of the ‘‘West Coast Nature Series’’ in 1906. 

Shortly after he came to reside in San Diego, Stephens became affiliated with the San 
Diego Society of Natural History, which, although the oldest scientific organization in 
southern California (incorporated in 1874), then comprised a struggling group of ama- 
teur naturalists. Putting his shoulder to the wheel with characteristic energy, 
Stephens, in the years that followed, devoted much of his life to the Society’s interests 
and had the largest part in developing it to its present position of scientific prominenc« 
Consecutively or concurrently, he served as a member of the board of directors, secre- 
tary, field collector, taxidermist, author, general factotum. In 1905 he started the 
Society’s scientific publications, and in 1910 he donated to the Society his private collec- 
tion of some 2000 birds and mammals, thereby laying the foundation for the subsequent 
continuous activity in these departments. In 1917, when, following the Panama 
California International Exposition, the San Diego Society of Natural History pur- 
chased one of the buildings in Balboa Park and undertook the establishment of a public 
Natural History Museum, he was the first director. Subsequently he was curator of 
vertebrates and, at the time of his death, curator emeritus 

Exemplifying his broad interests, Stephens was one of that small group of five men 
all but him, incidentally, M.D.’s—who met in October, 1916, and founded the Zoological 
Society of San Diego. While the new zoo was starting, with few animals, virtually no 
funds, and poor prospects, Stephens temporarily offered his services free as the first 
director. From such small beginnings has grown San Diego’s present famous zoo 
second largest in the country. 

Stephens’ versatility as a naturalist was astonishing. Ornithology, mammalogy, 
herpetology and, in the later years of his life, invertebrate paleontology, all claimed 
prominent attention, with botany and entomology receiving secondary consideration 
Field collecting is what really appealed to him most. In 1907 both he and Mrs. Stephens 
were collectors on the Alexander expedition to southeastern Alaska, and in 1910, at the 
age of 61, he accompanied Dr. Joseph Grinnell on the Colorado River expedition of the 
Museum Vertebrate Zoology. Intermittent field trips in the southwest and into 
northern Mexico were continued almost up to the day he was stricken. Desert regions, 
in particular, had an irresistible attraction for him and, about 1910, he took up uw desert 
claim in La Puerta Valley, eastern San Diego County, which he always afterward loved 
to use as a retreat from the noise and bustle of the city 

He was never a prolific writer. For the most part he preferred to collect the speci- 
mens and let others prepare the findings. The types of 35 or more forms (mainly mam 
mals) described by others were secured by him. However, he did himself publish three 
new descriptions of mammals and three of birds, the mammals being Dipodomys deserti, 
Perognathus panamintinus arenicola, and Myotis californicus pallidus. More than a 
dozen birds, mammals, plants, butterflies, and snakes, were named in his honor, provid- 
ing marked evidence of the high regard in which he was held by his scientific associates 

Among the various scientific societies in which he was enrolled, he was advanced to 
the class of Members in the American Ornithologists’ Union in 1901, to Honorary Mem- 
bership in the Cooper Ornithological Club in 1912, to Patronship in the San Diego Society 
of Natural History in 1919, and to Fellowship in the American Association for the Ad- 
vancement of Science in 1926 


And so there has passed a really great figure in the scientific annals of the west. But 
‘this soul goes marching on.’’ Not only do halls, collections, specimens, publications, 
names and records stand as tributes to his memory, but human beings are carrying on 
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the torch that received its flame from the contact of his inspiration and enthusiasm. 
Many a man prominent today in outdoor activities freely acknowledges his original 
debt to Frank Stephens. Sympathy is extended to his widow, Mrs. Kate Stephens, 
herself a naturalist of notable achievement in the field of marine invertebrates and close 
collaborator with her husband in all his work. At his side she was for years very active 
in the affairs of the San Diego Society of Natural History until she retired from its cura- 
torial staff on January 1, 1936.—C.uinTon G. AsBorT1 


BRYANT WALKER 


Bryant Walker, a life member of the American Society of Mammalogists, died in 
Detroit, Michigan, on May 26, 1936. He was born in Detroit, July 3, 1856, and was the 
son of Edward Carey Walker and Lucy Bryant. For many years he practiced law in 
Detroit 

Walker was a recognized authority on the classification of fresh-water and land shells 
In recognition of his work he was in 1909 made Honorary Curator of Molluscs in the Mu- 
seum of Zoology, University of Michigan. In 1912 the University conferred upon him 
the honorary degree of Doctor of Science At his death his extensive collections and 

rary were bequeathed to the Museum of Zoology.—L. R. Dice 
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Undoubtedly there are very few people who realize the astonishing growth within 


recent years of the business of canning cat and dog foods, or that this industry is now a 
new menace to wild life A company engaged in this activity is now, according to the 
1ally press and other advice operating a factory canning ship off the west coast of 
Lower California, Mexico, that is supplied by two “‘killer’’ boats. Activity is supposed 


to be directed toward sealions, and the daily bag of these mammals has been reported as 





‘} 


180. The available supply can withstand this drain for only a very short time. As 


x 
~ 


ng approaches and the animals congregate in breeding rookeries there is very grave 
danger that these will be dynamited, one after the other, and the status of the species 
ng this coast brought to a precarious state There are two additional dangers. The 
hips are equipped for handling whales, and as whales are not now protected in Mexican 
waters, and the rare gray whale, now afforded total protection in the United States and 
ler the international whaling tre ity 1s the only species to be encountered in coastal 
iters, numbers of them may be killed. A further matter for concern is that the tempta- 
tion to raid the rookery of elephant seals on Guadelupe Island, does the opportunity 


1y not be resisted, with results that may prove to be very disastrous 

Doctor W. H surt, Correspo! ding Secretary of the Society, has left for a collecting 
cruise of three months duration along the west coast of Mexico. During his absence 
official business addressed to him will be handled by his secretary 

J. Kenneth Doutt, of the Carnegie Museum, left Pittsburgh during the first part of 
January on a field trip of approximately eight months duration to the region of the 


Great Whale River, east of Hudson Bay, and from there by dog sled over the ice to 
the Belcher Islands 























